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FOREWORD

The Police Allocation Manual (PAM and Police Allocation Minua
User's @Quide were developed and field tested by The Traffic
Institute of Northwestern University under a contract (No
DTNH22-92-C-05051) i sSsued by the National H ghway Traffic Safet
Adm nistration, U S. Department of Transportation. Princi ay
Investigator and author for the study was Dr. WIIiam Stenzel.
Stenzel was assisted by M. Roy Lucke who directed the design,
i npl ementation, and coordination of the field test activities of
the project. The Contracting O ficer's Technical Representative
for the project was M. David seiler (O fice of Enforcenent and
Emer gency Services).

The PAM project was initiated in June 1988. Phases | and Il were
used to produce a staffing and allocation procedure and nmanual for
statewi de |aw enforcenment agencies. Phase IIl was used to nodif
the products for sheriffs' departnments. | n Phase 1V, the Manua
and Guide were revised and field tested for use by nunicipal Taw
enforcenent agencies. The Phase | field test was conducted during
the summer and fall of 1989, and the Phase | products were
conpl eted in February 1990. Phase Il of the proéect was conpl eted
in January 1991 and the final version for state-l|evel agencies
(Version 4.0) was conpleted in July 1991. The final version for
Phase 111 (Version s3.0) was conpleted for sheriff's departnents in
Septenber of 1991. Activities to extend the PAM nethodol ogy to
muni ci pal agencies (Phase IV) were initiated in October 1992.

The project team wishes to identify and thank the nunicipal police
departments that served as field test sites during Phase IV of the
study. (The project |iaison person for each agency is identified
below with an "*.,» The ranks and titles reflect those held during
the field test.)

Addi son (Illinois) Police Chie{ Mel vi n Mack

Depart ment *Deputy Chief Tinothy Hayden
Boca Raton (Florida) Police Chi ef Peter A Petracco
Depart ment *Deputy Chief Philip Sweeting
Boi se (1daho) Police Chi ef Janes J. carvino

Depar t nent *Oficer Rich Sohnebly
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Brick (New Jersey) Police Chi ef Ronal d J. Dougard
Depar t nent *Mr. Dean Washburn

Brunswi ck (Chio) Police Chi ef Patrick Beyer
Depar t nent *Sgt. Carl Meding

Chandl er (Arizona) Police Chief Ronald J. Dani el son
Depart ment *Captain Roger Nash
Crystal (Illinois) Police Chi ef samual Johns
Depart ment *Lt. Ron Sheley

Knoxvil |l e (Tennessee) Police Chief Phil E. Keith
Depart nent *Lt. Harol d Dexter

Medina (Chio) Police Chi ef Tom steyer

Depar t nent *Lt. Denni s Hanwell

OCak Park (Illinois) Police Chi ef Joseph M. Mendrick
Depar t nent *Officer Richard Guttman
Sandy (Utah) Police Chief Gary J. Leonard
Depar t nent *Captain Gary Lancaster
Tucson (Arizona) Police Chi ef El ai ne s. Hedtke
Depar t nent *Dr. Donald Ijams

The project team also thanks Dr. Mchael Buren and M. Al ex Wiss
of The Traffic Institute; M. sid Girling, fornmerly of the Ontario
Provincial Police; and M. Richard Raub, fornmerly of the Illinois
State Police (Isp), who reviewed initial drafts of the Mnual
during Phase | of the project and provided nmany val uabl e sugges-
tions.

A speci al acknow edgnent is extended to M. Raub. Many of the
I deas used in the Manual reflect concepts devel oped and docunented
by M. Raub and his colleagues in a series of ISP reports beginning
in 1981. M. Raub’s outstanding work into the identification and
estimation of the major elenents of staffing and allocation of
statewi de police agency resources provided many of the concepts
that appear in the PAM nodel .

The authors also wish to thank Ms. parry Ware whose diligence and
persistence helped to insure that project materials were available
to the field test agencies in a timely manner.
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SECTION 1: Introduction

Police Allocation Manual Proiect

The Police Allocation Manual User's Quide (herein after referred to
as the @iide) is intended as a conpani on docunent to the Palice
Al l ocation Manual. Version M3.0, which can be used to determne the
nunber and allocation of personnel for patrol and traffic services
for municipal police departnents.

Both the Guide and the Police Allocation Manual (herein after
referred to as the Minual) were devel oped by The Traffic Institute
of Northwestern University under contract to the National H ghway
Traffic Safety Administrafion (NHTsa), U.S. Departnent of Transpor-
tation. Additional information about the project is available in
the reports subnmitted to NHTSA in February 1990, March 1991,
Sept enber 1991, and Cctober 1993 respectively.

Pol i Al l tion nual Pr [

The procedures for determning the number of personnel are based on
an anal ysis of officer workload in terms of the amount of tinme
required to conplete various tasks. Al on-duty patrol activities
are assigned to four categories:

o Reactive: answering calls-for-service and respondi ng
to accidents;

e Proactive - Self-Initiated and Community-oriented
Policing: traffic enforcement, field interrogations,
motori st assists, comunity-oriented policing (COP);

o Proactive = Unconmitted Patrol: patrol on uncommitted
time;, and

e Admnistrative: office time, vehicle maintenance,
meal tine, etc.

The '*Proactive-Uncommitted Patrol™ category refers to unconmtted
tine only (i.e., time not spent on reactive, self-initiated/ COP, or
adm nistrative activities). Self-initiated activities that occur
as a result of "uncommtted patrol" tine are included in the
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"self-initiated" category. Time spent looking for violators is
defined as "uncommitted patrol time" while tinme spent wth
violators is defined as "self-initiated tine."

The procedures rely on historical data and user-supplied perfor-
mance objectives. These data and objectives are used in nine
wor ksheets in the Manual to guide the user through the process of
determ ning how many officers are needed for each of the categories
identified above. For two of the categories, Reactive (Wrksheet
3) and Proactive-Uncommitted Patrol (Wrksheet 5), workl oad and
performance objectives are used to derive the nunber of on-duty
officers required daily for each category. For the Admnistrative
(Worksheet 2) and Proactive-Self-Initiated/ COP (Wrksheet 4)
categories, historical data and performance objectives are used to
determ ne the proportion of officer on-duty time that should be
spent on these activities.

The results of worksheets 2 through 5 are combined at the begi nning
of Worksheet 6 to determ ne the average nunber of on-duty officers
needed each day. This result is nodified in worksheets 6, 7, and
8 to account for two-officer units, mninumstaffing, special
assignments, field supervisors, benefit time off, and the nunmber of
command staff.

Worksheets 1 - 8 are used to obtain patrol staffing requirenents
for an "autonomous patrol area" (APA). The staffing requirenent
for an entire jurisdiction is obtained by adding the staffing
requi rements for all APAs in the jurisdiction. (I'n many cases, a
jurisdiction will consist of a single APA.) Worksheet 9 is used
to allocate or distribute a total nunber of officers anong severa

patrol areas (APAs) or anong distinct time periods (e.g., shifts)'.

A conpl ete description of the nethodology is presented in Chapter
2 of the Manual. :

Contents of the User's GCuide

The Quide consists of four sections and four appendi xes. Section
1 ("Introduction") provides an overview of the project and
met hodol ogy, and the contents of the Quide. Sections 2 and 3
provi de specific information and guidelines regarding "General
| npl enentation Strategi es" and "bpata Definition and Col | ection
Issues" respectively. The material in sections 2 and 3 is suma-
rized in a "Recommended Data Col | ection and I nplenentation Proce-
dure" in Section 4. Appendix A contains a list of the data
required for each of the nine worksheets in the Munual. Appendix
Bis a glossary of terns and notation used in Manual. Appendix C
contains an exanple of the nine worksheets in the Munual in
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conpleted form Appendi x D contains derivations of the major
formul as used in the Manual.

How to Use the Guide

The Quide has been witten for use as a reference docunent to
assi st Manual users. It is anticipated that no one will study this
docunent section by section, front to back. Rather, it is expected
that the GQuide will be used as questions about data definitions,
data collection, and the use of particular worksheets arise.
First-time users will be interested in the inplenentation strate-
gies discussed in Section 2 and the reconmended procedure outlined
in Section 4. Experienced users will refer to the infornation on
data definitions and collection in Section 3.

SECTION 2: General lnplenentation Stratedgies

Thi s section provides observations about the inplenentation and

uses of the Manual for determ ning staffing requirenents. The
observations are based on experience gained fromfield tests of the
PAM procedures during all phases of the project. The first part

bel ow exam nes what the Manual can and cannot do. This is followed
by suggestions for first-tine users.

Uses and Limtations of the Mnual

The procedures in the Manual represent a **nodel ** of police
staffing. The steps in the worksheets are based on mathemati cal
and | ogical relationships between workload, patrol performance, the
characteristics of the patrol area, and the total nunber of
officers required. Analysts divide nodels into two broad catego-
ries: descriptive and prescriptive. | denti fying which category
t he PAM nodel belongs to is useful in recognizing how the nodel can
be used and its limtations.

The PAM nmodel is a prescriptive nodel; that is, using information
about the workl oad, the desired performance levels, and the
characteristics of the #urisdiction, the nodel can be used to
**prescribe** how many officers are needed. The nodel is not a
descriptive (or predictive) nodel; that is, it is not possible to

specify a fixed nunber of officers, the workload, and other char-
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acteristics of a jurisdiction and use the nodel to describe (or
redict) what |evel of patrol performance can be expected. Sinm-
arly, it is not possible to use the PAM nodel to predict what the
change in patrol performance or workload will be if the nunber of
officers is increased.

The prescriptive nature of the PAM nodel provides police planners
with a powerful tool. Not only can the Manual be used to determ ne
appropriate staffing levels, it can also be used to answer "what
if?" questions. For exanple, what will be the inmpact on staffing
i f the workload increases by 20% or if the average travel tinme to
energency activities is reduced by 1 mnute?

Model **failures** can occur because of the limtations of the
procedure itself and fromincorrect or unrealistic expectations by
police planners. The PAM nodel cannot provide the answers to all_
staffing and allocation questions. For exanple, the nodel is not
capabl e of predicting changes in performance as staffing |evels
change. Additional linmtations are:

e The PAM nodel cannot correct or conpensate for
i naccurate or inconplete data. This limtation is
merely an application of the "law" nost often asso-
ciated with data processing; that is, **CGarbage in,
garbage out."™ The nodel is nobre sensitive to the
accuracy of sone data itens than others. This fact is
inportant in determning what |evel of effort should
be expended in data collection. (See the discussion
below in Section 4: **Recormended Data Collection and
| npl enentation Procedure.**).

e The PAM nodel can only prescribe how many officers are
needed when performance objectives are provided; that
s, when soneone or sone group deci des what |evel of
service is desired. The Manual is not a nmethod for
determining staffing levels that can be conpleted
w t hout managenent invol venent or input.

e The PAM nodel cannot be used to predict the future
wor kl oad of a patrol area.

e The PAM nodel, by itself, wll not convince counci
menbers or policy nmakers to increase funding support

for additional staff. Decisions on staffing |evels
eventual ly reflect fiscal and political realities.
The nodel w il strengthen requests for additiona

staff, but cannot guarantee their acceptance
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CQuidelines for First-Tinme PAM Users

For persons who are using PAMfor the first tinme, it is reconmended
that the steps outlined in Chapter 1 in the Munual and the
recommended procedure discussed in Section 4 below be followed.
The steps described in Chapter 1 are listed bel ow

e Read Chapter 2 in the Manual to gain an overvi ew of
t he PAM nodel . (Some users may al so want to review
the material in Appendix D in the Qiide.)

e Review Appendix A in the Quide,

e Review chapters 3 and 4 in the Manual wth reference,
as needed, to appendixes B and C in the Quide.

e FEstimate the data collection effort.

e Assess the benefits of using the PAM nodel. (Only use
PAM if the benefits to the agency outweigh the cost of
the data collection effort.)

o gﬁyéeM/the recommended procedure in Section 4 in the
| de.

e Collect the required data.
e Conplete the worksheets.

e Review the results and adjust the input data

Two inportant guidelines to remenber, particularly for first-tine
users, are:

1. It is not necessary to conplete all sections of each
worksheet or even all the worksheets to obtain
useful results.

A

2. 1t is pot necessary to have highly accurate val ues

for every input data itemto obtain useful results.
(See Section 4 bel ow. )

The remainder of this section provides an overview of the nodel

Wrksheets 1 - 8 in Chapter 3 in the Manual are used to determne the
patrol staffing |evel of an APA; that is, the "number" of officers
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required. Wrksheet 9 in Chapter 4 in the Manual is used to
determ ne how the total nunber of officers for several APAs should be
"distributed" or **allocated** over the APAs. (Renmenber that an ApA
can be a geographical area or a unit of time such as a shift or day
of the week.) Wbdrksheets 1 - 8 can be conpleted w thout conpleting
Wor ksheet 9; and it is not necessary that the staff totals used in
Wor ksheet 9 be cal cul ated based on worksheets 1 - 8 if an alternative
method for estimating staffing levels is available.

Wthin worksheets 1 - 8, it is possible to identifg entire worksheets
and sections of worksheets that may not need to be conpl et ed. For
exanple, if the PAM procedures are used to deternm ne the average
nunber of **on-duty** officers reguired each day, then only worksheets
1 - 5 and Section 6.1 are needed.

Wthin some worksheets, it may not be necessary to conplete all
sections. For example, in Wrksheet 2, the user may use either
Section 2.1 or Section 2.2. |In Wrksheet 3, Section 3.1 can be used

i f an agency-prefers to separate accidents fromQher crs. |If this
IS not necessary, Section 3.1 can be skipped, and accidents can be
combined with Gther cFs in Section 3.2. In Wrksheet 4, the user my
use either Section 4.1, Section 4.2, or Section 4.3. |f an agency
does not explicitly identify time spent on community-oriented
policing, Section 4.5 can be skipped. In Wrksheet s, the user may
use either Section 5.2 or sections 5.3 and 5.4. In Section 5.1, the
user has the option of using as nmany or as few roadway types as is
appropriate for the Apa.

Beginning with Section 6.2 in the Manual, the remining sections and
wor ksheet's, which the user nay elect not to use, provide adjustments
to the average nunber of on-duty officers required per day derived in
Section 6.1. Sections 6.2 and 6.3 are used to account for agencies
that use two officers per unit for sone patrols and for APAs with
m nimum staffing requirenents. Worksheet 7 is used to account for
officers on special assignments and to determ ne the nunber of
on-duty field supervisors required. Wrksheet 8 is used to determ ne
the total nunber of officers and field supervisors (i.e., both
on-duty and off-duty) and the total nunber of command staff required.
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SECTION 3: Data Definition and Collection |ssues

Data Collection Categories

The PAM nodel requires that all officer activities for patrol be
classified into four categories. The first step in using the nodel
IS a "tailoring" process I n which each type of offlcer activity is

assigned to a particular category nicipal |aw enforcenent
agenci es define and use simlar kinds of activities in each
cat egory. Due to differences in operational practices, data

definitions, and data collection procedures, however, it is likely
that no two agencies will define the data itenms to be included in
each category in precisely the sane way.

The lists below indicate the kinds of activities that were included

i n each of the four categories by agencies that participated in the
PAM field tests.

Adm nistrative Tine

on-duty court time

training (less than one day)*

meal s

aut o mai nt enance

equi pment mai nt enance _

agency admnistrative duties

rel ay of equi pnment

roll cal

briefings _ _ _ _
report witing (if not put into reactive tine)

-

Tine off for training that requires one or nore days
can be included in the calculations for the shift
relief factor in Wrksheet 8.

Reactive Time (dispatches to accidents, crimnal activities,
emer genci es, and non- energenC|es)

travel tine

on-scene tine

report witing tine

fol lowup investigation

reactive tinme by all units dispatched
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assists to other agencies

escort and rel ay

notori st assistance (if disgatched)
traffic control (if dispatched)
searches for mssing and wanted persons

Proactive Tine - Self-lnitiated/ COP Activities

traffic stops (traffic citations and warnings)
not ori st roadway assistance
crimnal investigation
traffic control
field interrogations
communi ty-oriented policing activities

Proactive Tinme - Uncommitted Patrol

e patrolling assigned areas (includes both moving and
stationary patrol)

The ability to tailor the procedures to reflect the data collection

practices of an agency is a strength of the nodel. Rather than
requiring an agency to redefine existing data collection procedures
to "fit" the nodel it is possible to tailor the nodel to fit the

agency. The flexibility that such tailoring requires that caution
be used when conparing the staffing estimates for different
agencies. Unless two agencies use the sane data itens, defined in
the same way, for each activity category, it may not be possible to
reliably determ ne the underlying causes for differences in
staffing estinates.

Deci si ons about which category each activit¥ is assigned to have
relatively little inpact on the final staffing estimate. NDT e
| mportant than the question of which category to use for each
workload itemis the need to insure that allT officer patrol work-
| oad activities are included in the nodel.

Sel ecti ng Aut ononmobus Patrol Areas (APAs)

The nodel estimates the total patrol staffing for an agency by
first determning the staffing levels for patrol areas using the
foll ow ng steps:
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e The entire jurisdiction is divided into a nunber of
autononous patrol areas. The APAs nust cover the
entire jurisdiction and not overlap

e The nodel is used to determne the staffing |level for
each APA.

e The individual APA results are added together to obt-
ain the staffing requirement for the entire jurisdic-
tion.

The selection of the aAPAs is dictated by the requirement that each
APA exhibit the follow ng characteristics:

e Virtually all cFrs that originate in the APA are
handl ed by officers assigned to the APA or, converse-
ly, alnost none of the cFs that originate in the ApA
are handl ed by officers assigned to areas outside of
the APA;

e Oficers assigned to the APA are rarely dispatched to
CFs outside of the Apa; and

e Although officers may be assigned to specific patrol
areas within the Apa, officers are routinely dis-
pat ched, as needed, to CFs anywhere within the APA.

The first two characteristics define what is nmeant b% "autonomous."
Sinply stated, it neans that the APA nust be, for the nost part, a
sel f-contai ned or independent operational area with little or no
cross-over of personnel either into or out of the area. (As a

gui deline, 90% of the cFs in the APA should be handl ed by units
assigned to the APA.) ;

The third characteristic indicates that the APA cannot itself be a
collection of smaller APAs; that is, all the units assigned to the
APA nust be routinely dispatched to cFs throughout the ApPA. If
units are only dispatched to cFs within their patrol areas and are
rarely dispatched to cFs in other parts of the apa, then consider-
ation should be given to dividing the area into several APAs.

The size of each ApA within a jurisdiction will vary depending on
wor kl oad, population density, and traffic vol ume. From an
operati onal perspective, APAs can be viewed as separate conmand
areas, often characterized by the use of separate radio frequencies
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for dispatch. For sonme agencies, APAs may be defined by natural or
manmade barriers; for exanple, an area that is isolated fromthe
rest of the jurisdiction by a river or an expressway.

For nost municipal agencies, only one geograPhic APA IS appropriate
for the entire jurisdiction. Few nuni ci pal police agencies wll
use nore than 3 or 4 APAs for their jurisdictions. [If \Wrksheet 9
Is used to allocate officers over shifts or days of the week, then
each shift or day of the week is defined as a separate "APA."

Wor ksheet Options and the Use of Performance Standards

To provide as much flexibility as possible, four of the worksheets
in the Manual give the user two or three different ways to derive
a particular value. The decision about which option to use in each
case is based on data availability and the desire of the agency to
set an operational performance standard as a matter of policy.

Cccasionally, first-time PAM users are disappointed to learn that
all the calculations are not based on historical data and/or
"national" standards for staffing or workload. (No such nationa
standards exist.) Although, it is theoretically possible to use
t he nodel based entirely on historical data, this is rarely done
for two reasons. First, it is difficult to collect all the
required data, and second, use of historical data in all the
wor ksheets should yield staffing totals, assumng the model isS
valid and accurate, that will replicate current staffing |evels.
While this nay be useful in verifying the validity of the nodel, it
IS nore Iikely that agencies wll Dbe interested in exam ning the
I npact on staffing levels if one or nore of the current workl oad,
performance, or other data itens are altered.

The remai nder of this section briefly outlines the options ex-
plicitly available to the user in the worksheets. It shoul d be
noted that the term"explicitly" is used to highlight the fact that
the user "implicitly" has options for alnbst every data item
required (i.e., the value used for nost data itens can be set by
policy or based on historical data). For each of the options
Identified below, the decisions of the Phase |V nunicipal field
t est agenci es about which option was used and the average val ue
sel ected or derived are shown in Table 1. (The data presented in
Table 1 is based on ten applications of the PAM procedures; that
i's, the PAM procedures were used for ten different APas.)

Adm nistrative Tine Per Oficer (Wrksheet 2). Wrksheet 2
has two options for estimating the average nunber of m nutes per
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Table 1

VALUES USED FOR SELECTED PAM | NPUT DATA | TEMs

- 1993 Phase |V Field Test,

Ten Agenci es (10 Wrksheet

VWr ksheet Data Item Nunber of Units of
Section (Worksheet Location) Applications Measurenent
2.1 Admi nistrative Tine 3 Min/Hr/Officer
Policy (2.1)
2.2 Administrative Tinme 1 Min/Hr/Officer
Hi storical (2.2.4)
3.1 Average Service Time 10 Hour s/ Acci dent
Acci dents (3.1.2)
3.2 Average Service Tine 10 Hours/CFS
QG her CFs (3.2.2)
4.1 Self-Initiated Tine 3 Min/Hr/Officer
Policy - Direct (4.1)
4.2 Self-Initiated Tine 0 Min/Hr/Officer
Policy = Indirect (4.2.7)
4.3 Self-Initiated Tine 7 Min/Hr /Officer
Hi storical (4.3.4)
4.5 Communi ty-Ori ent ed 3 Min/Hr/Officer

Tine (4.5.3)

Aver age

9.33

12.57

1.57

0.81

11.67

8.57

3.00

Appl i cati ons)

M ni mum

6.00

6.79

0.83

0.50

5.00

5.04

0.00

Maxi num

12.00

19.50

2.50

1.50

20.00

11.96

6.00
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Table 1 (continued)

VALUES USED FOR SELECTED PAM | NPUT DATA | TENMS
= 1993 Phase |V Field Test, Ten Agencies (10 Wrksheet Applications) =

Wor ksheet Data ltem Number  of Units of . .
Section (Mérksheet Location) Applications Measurenent Average Mninmum Maxi mum

4.6 Total Self-Initiated 10 Min/Hr/Officer 10.40 6.71 20.00
Time (4.6)
5.1 Primary Roadways 10 M | es/ Hour 23.85 10.00 30.00

Patrol Speed (5.1.2.3)

5.1 Prinmary Roadways 10 Hour s 2.33 0.25 4.00
Patrol Interval (5.1.2.4)

5.1 Secondary Roadways 10 M | es/ Hour 18.17 8.00 25.00
Patrol Speed (5.1.3.3)

5.1 Secondary Roadways 10 Hour s 6.14 0.25 24.00
Patrol Interval (5.1.3.4)

5.1 Resi dential Roadways 10 M | es/ Hour 14.55 6.00 20.00
Patrol Speed (5.1.4.3)

5.1 Resi dential Roadways 10 Hour s 49.60 4.00 168.00
Patrol Interval (5.1.4.4)

€66T A9O3D0 — O0°EH UOTSIaA
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Table 1 (continued)

VALUES USED FOR SELECTED PAM | NPUT DATA | TEMS

- 1993 Phase |V Field Test, Ten Agencies (10 Wrksheet Applications) =

Wor ksheet Data ltem Number of Units of . .
Section (Wrksheet Location) Applications Measurenent Average Mninum Maximum

5.2 Non- Preenptabl e O her 9 Percent of 19.56 6.00 38.00
CFS (5.2.2.3) CFS

5.2 Non- Preenpt abl e Admi n. 9 Percent of 11.44 0.00 40.00
Activities (5.2.2.6) Admin. Act.

5.2 Non- Preenpt abl e self- 9 Percent of 21.22 1.00 75.00
Initiated Act. (5.2.2.7) S.I. Activities

5.2 Patrol Availability 9 Percent of 79.89 70.00 99.00
| nedi at e Resp. (5.2.4.1) CFs

5.3 Area Patrol = Response 8 M | es/ Hour 38.13 25.00 60.00

Speed for Energency
Activities (5.3.2.2)

‘€W UOTSISA

5.3 Area Patrol - Response 8 M nut es 4.50 3.00 7.00
Time Goal for Enmergency
Activities (5.3.2.3)

6.2 Two- Deputy Patrols (6.2.1) 10 Percent of 0.42 0.00 4.20
Patrol Units .

7.1 Field Supervision 10 No. of Officers 6.34 3.00 9.00
Span of Control (7.1.1) per Supervisor

€66T I9O3D00 -
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Table 1 (continued)

VALUES USED FOR SELECTED PAM | NPUT DATA | TEMS

- 1993 Phase |V Field Test, Ten Agencies (10 Worksheet Applications) =

Wor ksheet Data Item Nurber  of Units of . .
Section (Wrksheet Location) Applications Measurenent Average Mninum Maximum

7.1 Field Supervisor Tine 10 Percent of 24.00 0.00 80.00
on Patrol (7.1.2) Tine on Patrol
8.2 Oofficr On-Duty 10 On-Duty Hrs 1,671.80 1,346.00 1,866.00
Time (8.2.7) per Year
per O ficer
8.5 Total Staff (8.5.4) 10 Total No. of 116.50 23.00 473.00

Oficers, Field
Supervi sors, and
Staff and Conmand
Per sonnel

Current Staff 10 Total No. of 93.90 16.00 420.00
Oficers, Field
Supervi sors, and
Staff and Conmand
Per sonnel

€66T I9O3D0 — 0°EW UOTSISA
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hour Fer officer to be spent on admnistrative activities. Section
2.1 allows the user to set the average number of mnutes. Section
2.2 directs the user through the process of deriving the val ue
based on historical data. Table 1 indicates that anong the 10

field test applications during Phase 1V, three were based on
Section 2.1 (Policy) and seven were based on Section 2.2 (H stori-
cal Data). The average tinme based on historical data, 12.57

m nutes per hour per officer, was higher than the average of 9.33
m nutes per hour per officer based on policy.

Self-Initiated/COP Tine Per Oficer (Wrksheet 4). Wrksheet
4 has three options for determning the average number of m nutes
per hour per officer to be spent on self-initiated/ COP activities.
Section 4.1 allows the user to set the average nunber of m nutes.
Section 4.3 directs the user through the process of deriving the
average value based on historical data. (Sections 4.1 and 4.3
parallel the options provided in sections 2.1 and 2.2 in Wrksheet
2.) The third option, in Section 4.2, is a conbination of the
options available in 4.1 and 4.3. The derived value is based both
on a policy decision (i.e., the average nunber of self-initiated
contacts per shift per officer) and the average tinme spent on each
contact based on historical data. Agencies that are using
communi ty-oriented patrol strategies have the option of identifying
how much time each officer should spend on such activities in
Section 4.4. During the field test, seven out of the ten applica-
tions determned self-initiated time based on historical experience
(Section 4.3). The average value for the 7 applications was 8.57
m nutes per hour per officer. None of the field test agencies used
the policy-indirect option in Section 4.2. Sonme field test
agencies were hesitant to use the policy option in Section 4.2
since it could be interpreted as a system of enforcenent "quotas."
Three agencies set self-initiated tinme per officer by policy
(Section 4.1). The average tine selected by policy was 11.67
m nutes per hour per officer

Uncomm tted Patrol Availability (Wrksheet 5). Wrksheet 5
gives the user two options for determning the nunber of on-duty
of ficers needed per day for uncommtted patrol "availability"
(Section 5.2 and sections 5.3 and 5.4). This value is then
conpared with the average nunber of officers needed for unconmtted
patrol "visibility" (Section 5.1) to derive a total nunber of
on-duty officers needed per day for proactive-unconmtted patrol
Section 5.2 is used to determne the nunber of officers needed to
have enough units available to respond i mMmediately to energency
acci dents and cFs. Section 5.3 is used to deternine the nunber of
officers that are needed to provide an average travel tine to
energency activities. Section 5.4 is used to determ ne the nunber
of officers that are needed to provide an average travel tinme to
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non-emergency reactive activities. The average travel tine
objectives, are set by the user. Table 1 identifies the average
patrol speed and patrol interval specified by the field test
agencies in Section 5.1 for three roadway types (primary, second-
ary, and residential). For the nine agencies that used Section
5.2, the average imedi ate response objective was 79.89 percent.
For travel time calculations in Section 5.3, the average target
response time for energency activities was 4.50 m nutes.

Strategies for Controlling the Data Col |l ecti on Effort

Use of the nodel can vary in difficulty depending on the availabil -
ity of data and the ampunt of work required to obtain the data.
Wien all APAs for a jurisdiction or for even parts of a jurisdic-
tion are considered, the nagnitude of the data collection effort
required may be significant. For agencies that elect to use
several APAs, the field test experience revealed two strategies for
limting this effort.

_APA-Independent Data. There are a number, of data itens that
are independent of the location or other attributes of each APA.
As a result, it may be possible to use the same value for a
particular data itemfor all ApAs. Although the specific data
itens wll vary from one agency to another, the follow ng |ist
should apply to nost: )

e average nunber of on-duty hours per year per officer
e average number of officers per field supervisor

e average fraction of tine spent on patrol by field
supervi sors,

e average service time for accidents,
e average service tinme for other CFs,
e percent of units wth tw officers,

e average time per hour spent on admnistrative activ-
ities per officer,

e average tine per hour spent on self-initiated/ COP
activities per officer, and

e shift length.
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APA-Dependent Data. There are also a number of input data itens
that will likely vary by ApA within the sane jurisdiction. A
partial list would include:

e nunber of roadway mles by roadway type,
e nunber of accidents and other CFs,

e average patrol speed by roadway type,

e patrol interval by roadway type

e immedi ate response percentage,

e average response speed,

e average travel time objectives for energency and non-
emergency activities,

e anount of patrol available from officers on specia
assi gnnment, and

e presence and influence of mninmum staffing limts.

During the Phase | field test for state-level agencies, severa

sites were able to control the data collection effort for APA-depe-
ndent data by recognizing that those data itens that vary by ApA
are often correlated with the proximty of the APA to urban or
rural areas. Goups of APAs were categorized by their "urbanicity"
and identical input data values were used for all APAs in the sane
category. Muni ci pal agencies may be able to group APAs based on
their residential or comrercial nature.

Discussion of Individual Data |ltens

The PAM nodel estimates the staffing |level for an APA by accounting
for the tinme that officers need to performpatrol activities. The
model uses four time categories and general definitions about what
activities are included in each category. The current node

represents only one way of categorizing and defining patrol activi-
ties, The significance of this observation is that regardl ess of
what categories and definitions are used, they nust account for all
tinme spent on patrol activities. This section provides an overview
of sone of the data-related issues that arose during the field
test.
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Command personnel. Section 8.4 in the Manual is used to include
the number of command personnel for the APA. The value is supplied
b% the user. It is not necessary, however, to use this section to
obtain estimates for the nunber of officers and field supervisors
that are required; these values are obtained in Section 8.3.

Ener gency and non-energency activities. Enmergency activities
are accidents and other crs for which police officers nmust respond
i mredi at el y. Typically, energency activities are defined as
incidents in which |ives and/or ﬁroperty are at risk and rapid
police response can |limt that risk. CIine-in-Progress calls and
serious traffic accidents are usually classitied as enmergency
activities. Non-enmergency activities are accidents and ot her CFs
that require a police presence without the need for a rapid
response.

| medi ate response percentage. The immediate response percent-
age is used in Section 5.2 to determ ne how many on-duty officers

are needed each day to insure that an officer will be available for
i medi ate assignment for energency incidents. It is inportant to
note that "immediate" response is not the sane as "rapid" response.
| mredi ate response nerely inplies that at |east one officer will be
avai | abl e, sonewhere in the APa, for the assignnent. No consider-
ation is given to how far away the officer nay be from the
incident. Users that are interested in the number of officers that
are needed to nmaintain a user-specified average travel tine in
respondi ng to energency incidents should use Section 5.3,

hbn-greenﬁtable and preemptable activities. The percentage of
non- preenptabl e activities is used in the nodel to determ ne the
size of the officer "pool"™ that is necessary to insure that the
I medi ate response and travel tinme performance objectives are net.
When an officer is engaged in a preenptable activity, he/she is
counted as part of the force that Is available for imedi ate
di spatch to emergency calls. O ficers assigned to nnon-preenptable
calls are not available for assignment (emergency or non-emergency)
until he/she conpletes the call or is relieved by another officer.
An activity may be non-preenptabl e because the assigned officer is
not avail able for reassignnment (e.g., time spent in court and on
the range) or because there is a significant need for the officer
to remain at the scene (e.g., to control traffic near an accident
or to collect short-lived evidence at a crime scene).

On-duty hours on patrol per vear per officer. The average
nunber of on-duty hours per year per officer is used in Section 8.2
to calculate the **shift relief factor" (SRF). The shift relief
factor indicates how many officers are needed to cover one shift
position every day. For 8-hour shifts, SRFs typically range from
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1.60 to 1.90; i.e., for each shift position, a total of 1.6 to 1.9
officers is needed. A common question is whether the average
nunmber of on-duty hours per year per officer is 2,080 hours which
is obtained by nmultiplying 52 weeks by 40 hours per week. The
2,080 hours equals the nunmber of hours for which an officer is
"paid" for one year and is always greater than the nunber of actual
on-dutr hours because it includes paid "time off" (e.g., vacations
and holidays). The average nunber of on-duty hours on patrol per
year per officer is the nunber of hours each officer is on duty and
on patrol

Although it is easy to see why "benefit time off" such as vacations
and holidays should not be included, there are other situations in
which the definition of "“on-duty"™ tinme is nore difficult to
interpret. The difficulty arises because not all on-duty tine is
spent on patrol. As an exanple, consider an officer who is sent to
a two-week training program An administrator may argue that the
officer i s "on-duty" whet her he/she is on patrol or at a training
program A patrol conmander, on the other hand, may argue that
when the officer is gone for two weeks, there is a staffing
shortage on patrol that is just as real as if the officer were on
a two-week vacation. From the commander's point of view the
officer is not "on-duty" in the sense that he/she is not on patrol
and as a result, the two weeks spent at training should not be
included as on-duty time. There 1S no one "right" way to define
on-duty patrol tine;, it depends on the policies and practices
adopted by each agency. Since the definition used to calculate
SRFs na% vary from one agency to another, the follow ng guidelines
shoul d be not ed:

e The calculation of the shift relief factor in Section
8.2 requires that a definition of "on-duty patrol **
time, appropriate for the agency, be adopted; and

e The conparison of shift relief factors for different
agencies is not appropriate unless the sanme definition
of "on-duty patrol ™ time is used by both agenci es.
Table 1 indicates that the average on-duty tine per year per
officer was 1,671.80 hours that, assum ng 8-hour shifts, produces
a SRF of 1.747 officers per shift position.

Patrol interval. Patrol interval is used in Section s.1 of the
Manual as a neasure of the level or intensity of patrol coverage.
It is measured in hours and indicates the average tine that a
stranded notorist would have to wait to see an officer conme by or
the frequency with which a resident would see an officer pass
hi s/ her house on free patrol (i.e., proactive-uncomrtted patrol).
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As an exanple, a patrol interval of one hour means that a notorist,
stranded on the roadway, would have to wait an average of one hour

before seeing an officer. While there is no theoretical upper
[imt to the patrol interval, the largest value used during the
field test was 168 hours (i.e., a resident would see a patro

of fi cer about once a week). Table 1 indicates that the average

patrol interval for primary roadways for the field test was only
2.33 hours. For secondary roadways, the average was 6.14 hours,
and for residential roadways, the average was 49.60 hours.

Pat rol speed. Patrol speed is used in Section 5.1 as part of
the calculation to determ ne the nunber of on-duty officers
reguired to neet a specified patrol interval. Average patrol speed
and average response speed (discussed below) are often anong the
nost difficult data itens to obtain. A nunber of different
approaches can be used to estimate this val ue:

e Use of Iog sheets. Average patrol speed equals the
total nunber of mles driven while on "patrol™ divi ded
by the total tinme spent on "patrol." The nileage and
time estinmates nust be based on @@roactive-uncommtted
patrol" as defined in the PAM nodel; that is, only
m | eage and time spent on unconmmtted patrol (includ-
ing stationary patrol) should be used. Any nleage
accunul ated for or tinme spent on activities that faPI
into any of the non-uncommtted patrol categories
(i.e., admnistrative, reactive, and self-initiated/C-
OP) i s not included.

e Ride-along observers. Sone agencies have attenpted to
estimate average patrol speeds by having observers
ride along with officers while on patrol. The
presence of an observer, however, may cause changes in
driving behavior.

e survey of officers. Anot her approach is to survey
officers to obtain an estimte of the average speed.

" This nmethod, however, may not be useful since human
recollection is often not reliable for estimating
@mver age@ speeds. (There is a tendency to renenber
only the cruising or top speed and to forget tines
when a unit is either stationary or noving very
slowy.)

In the last section of the Quide, a general approach to using the
PAM model is outlined. One of the suggestions is that users nust
exerci se judgnent in determ ning how accurate each input value
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shoul d be and how nuch effort should be expended in obtaining each
item Patrol speed is a data itemthat can, if one is not careful
require far nore effort than na% be justified. In Table 1, the
average patrol speeds used by the field test agencies were 23.85
MPH for primary roadways, 18.17 MPH for secondary roadways, and
14.55 MPH for residential roadways.

Response speeds. Response speeds are used in sections 5.3 and
5.4 to estimate the nunber of on-duty officers required to naintain
user-specified average travel times for emergency and non-emnergency
responses. Like patrol speed, this data itemmay be difficult to
obtain. The sane procedures outlined above for determ ning patrol
speeds can also be used to estimte response speeds. If log sheets
are used, nileage and times nust be based on travel to emergency
and non-energency i nci dents only. The influence of ride-along
observers and the unreliability of human recollection to estimte
response speeds rmay be even nore pronounced. PAM users are
encouraged to foll ow the recomrended data col |l ection strategy
outlined in the |ast section of the Guide to avoid unnecessary
effort spent on obtaining response speed estinates. In Table 1,
the average speed (over all roadway types) for responses to
enmergency activities is 38.13 MPH.

Roadway types. To use the procedures in Section 5.1, the user
must define one or nore roadway types for the APA. As an exanple,
all roadways in the APA could be divided into expressways,
arterial, and residential streets. (I'n the exanple presented in
Appendi x ¢, the roadways are divided into arterial, collector, and
residential.) The user nust also indicate how many mles of each
roadway type there are in the APA. These categories are used in
Section 5.1 for the derivation of the nunber of on-duty officers
needed each day to neet the patrol interval objectives set by the
user for each roadway type. PAM users are not required to use an
particular set of roadway categories or to use a specific nunber o
roadway types. The critical issue is not whether three roadway
types are used, but rather that all roadway types and mles
routinely patrolled in the ApA are included in the procedures for
deriving agency staffing estinates. The sel ection of how many
roadway types and how each should be defined will vary from agency
to agency. It is recommended that the definitions rely on the
follow ng factors:

e traffic Vﬁlume,

e use gf the road (i.e., feeder, collector, thruway,
etc.),

e average speed,
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e need for police patrol, and
e the availability of traffic and operational data by
roadway type.

Self-initiated/ COP time. Wbrksheet 4 is used to determine the
average nunber of mnutes per hour per officer for self-initiated

and comunity-oriented policing activities. Sel f-initiated/ COP
activities refer to activities initiated by an officer rather than
directed by the dispatching center. |t is inportant to note that

the distinction between reactive and self-initiated/ COP activities
s not determned by what is done but rather by the nanner in which
the activity is initiated. As an exanple, if an officer is
directed to a particular location to control traffic because of a
fallen tree on the roadway, the time spent on this activity would
be charged to reactive tine. |f, on the other hand, the officer
di scovers the fallen tree while on uncommtted patrol and deter-
m nes that he/she should control traffic until the tree can be
removed from the roadway, this tinme would be assigned to the
self-initiated/COP category. Table 1 indicates that three field
test agencies determned the average self-initiated tine by policy
(Section 4.1), but none of agencies used the indirect(folicy met hod
based on a specified nunber of contacts per shift and the average
time per contact (Section 4.2). Wen based solely on historica

dg}a Section 4.3), the average val ue was 8.57 minutes per hour per
of ficer.

Service time. Average service tines for accidents and other CFs
are used in Wrksheet 3 to determne the average number of on-duty
of ficers needed each day to handle the "obligated" workl oad.
Service tine refers to the total spent on an incident by all agency
patrol personnel. Service tinmes should include: B

e travel time (not including dispatching tinme),
,® on-scene tine,

e report witing tine,

e investigation time (by patrol),

e processing tine (e.g., for bpuls), and

e tine spent by backup units.
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In Table 1, the average service tines for accidents and other cFs
are 1.57 and 0.81 hours respectivelr. Few agenci es have data
coll ection procedures that capture all the conponents of service
time |isted above. Many CAD systens, for exanple, will capture the
travel , on-scene, and possibly sone followup time of the primary
unit dispatched to an incident, but nmay not capture report witing
tine and tine spent by backup units. Some agenci es do not
routinely record the frequency and anmount of tine spent by backup
units although such tinme may represent a significant part of the
total obligated time for an agency. |[If an a%$n2¥ plans to use data
froma CAD system it is reconmended that the data definitions in
the system be examned to detect shortcomngs in the statistics
produced by the system  Recognizing that few agencies routinely
capture all the conponents of service tine, it is likely that nost

users will have to estimate part of the average service tines.
Reliable estimates for average service tines do not require that
information be obtained fromall incidents. (In fact, this is not

realistic since incident records are often inconplete.) A reliable
estimate for the average service tine for an incident category can
be obtained using a random sanple of 100 or nore incidents in the
category for the time period of interest.

In Worksheet 3, total obligated tine is determned first by
calculating the total obligated time required for all accidents and
then using that tine to determne the total nunber of on-duty
of ficers needed each day for accidents (Section 3.1). The sane
procedure is used in Section 3.2 to determne the total nunber of
on-duty officers required each day to handle all other cFs. The
results are then added together in Section 3.3 to obtain the total
nunber of on-duty officers needed each day for both accidents and
other crs. The PAM nodel separates accidents and other CcFs to
enable the user to identify the nunber of officers required for
each type of incident.

During the field tests, some agencies did not use both categories
in Worksheet 3, but decided instead to group all incidents in the
ot her CFs category. This procedure wll yield the same tota

nunber of on-duty officers iIf an adjusted average service tine
based on both types of incidents is used. It is also possible to
use nore than two categories. For exanple, the "other CFs"
category can be divided into several subcategories, and each
subcat egory can be used to determ ne the number of on-duty officers
that are needed each day to handle all calls in that subcategory.

(To use this procedure, however, requires an estimted average
service tine for each subcategory.) The total nunber of officers
required i s obtained by adding the officer requirements for each
subcategory. \Wile the use of subcategories provides additional
information about which types of incidents require the nost
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personnel, it has no inpact on the total staffing |evel required
for all incidents. As a result, the value of the additi onal
informati on nmust be wei ghed against the extra effort required to
collect incident data and to estimate a service tine for each
subcat egory.

Shift length. The PAM procedures are designed to accommbdate
any shift length (e.g., 8 hours, 10 hours, or 12 hours). Changes
in the shift length will alter the shift relief factor for an
agency. For 8-hour shifts, SRFs typically fall into the range:
1.60 - 1.90. For lo-hour shifts, the range is 2.00 - 2.40; and for
12-hour shifts, the usual range is 2.40 - 2.90. A common ni sper -
ception is that since a change in the shift length changes the SrF,
it nust change the total staffing requirenment for an agency. In
fact, if the average work week (e.g., 40 hours per week) and the
total time off given for benefits (e.P., vacations, holidays, etc.)
renF;n the same, a change in shift l'ength has no inpact on tota
staffing.

Speci al assignnment personnel. Special assignment personnel who
are also used for patrol can be included in Wrksheet 7 of the
Manual . The user must provide the total nunber of officers used
for each type of special assignment in the APA and the average
fraction of tine each officer spends on patrol. This information
is then used to adjust the total number of @on-special assignment @@
officers that are needed. The final staffing value from Wrksheet
7 includes both special and non-special assignment officers. The
PAM nodel cannot be used to estimate how many officers will be
needed for special assignments (e.g., tactical and accident
investigation units).

Travel tines. In sections 5.3 and 5.4, the user nust provide
travel time objectives as part of the procedure for determ ning how
many on-duty officers are needed for response to energency and non-
emergency activities. Travel time refers to the time interval that
begi ns when an officer receives a dispatch and ends when he/she
arrives on scene. Travel time does not include dispatching tine
(i.en, the time required at the communication center to process and
transmit the assignnent to the officer). It is also inportant to
note that the travel tines required in sections 5.3 and 5.4 are
@averages. @ This means that the actual travel tine will be |ess
than the user-specified average about half of the tine and greater
than the average for the other half. In Tabl e 1, the average
travel time objective selected during the field test for emergency
response was 4.50 m nutes.
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SECTI ON 4: Recommended Data Coll ection and | npl enentation
Pr ocedur es

Most of the work associated with using the PAM procedures involves
defining and collecting data, and unless caution is exercised, it
I's possible to be overwhel ned by these activities. This section of
the Quide presents a recommended procedure for using the nodel that
I s designed to avoid excessive data collection efforts. The
recommended procedure is based on the successes and probl ens
encountered by the nunicipal police departnments during the Phase |V
field test. The procedure consists of four steps that describe an
iterative process for using the PAM nodel

STEP 1: Obtain Initial staffing Level Estimates With M ni mum
Data Collection Effort

It is likely that every agency that uses the PAM procedures wl|

find that it does not have all the input data that is required.

This may occur for several reasons: the agency may not routinely
collect the data;, the agency nmay collect t%e data, but not in the
formor categories required;, or the data may not be stored in an
easily retrievable form \Watever the reasons, an agency wll be
faced wth the question of how nmuch effort to expend in obtaining
each data item Step 1 recommends mnimzing the initial data
collection effort; that is, for input data itens that are not
easi |y obtained, "quick and dirty" estimates should be used. The
rationale for this recommendation is that it is nore inportant to
obtain an initial estimate of the total staff required than it is
to obtain a high level of accuracy for every input data item It
Is strongly recommended that plans for extensive data collection be
deferred until steps 2 and 3 described below are inplenented.

STEP 2: Assess the Quality of the Input Data |tens

After the initial staffing estimtes have been obtained, each of
the input data itens should be assessed in ternms of conpleteness,
reliability, and accuracy. The assessnent of each itemwll be a
subj ective process. As an exanple, it may be determined that there
are 68 mles of category 2 roadway nmles in an APA. |[f this figure
was obtained fromthe city street departnent and is based on recent
data, it is reasonable to conclude that this itemis reasonably
accurate. On the other hand, if the average service tine for
handl i ng accidents is based on a survey of three field sergeants
who give individual estimates of 1.1, 2.5, and 3.2 hours, it would
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be clear that further effort is needed to obtain a better estinate.
It is recormended that all data itens be placed into three or four
groups depending on their relative quality (i.e., accuracy,
reliability, etc.). Those data itens in the |owest category (i.e.

| east accurate, least reliable, etc.) will be the initial candi-
dates for additional refinement.

STEP 3: Investigate the Sensitivity of the Sstaffing ESstinmates to
Changes 1 n Individual Data |[tens

The next step is to identify which of the @®oft@®input data itens
should be refined. The basis for identifying these itens is to
determ ne which itens make the biggest contribution to the overal

staffing estimte. Not all data itenms used in PAM are equallr
Inportant; 1.e., not all itenms have the same inpact on the tota

staffing estimate. For exanple, in an agency that places a | ow
priority on unconmtted patrol visibility on category 3 roadways
(i.e., the patrol interval is very high), it may not be inportant
to have a highly accurate figure for the nunper of catﬁgfry 3

roadway mles 1n the ApA since even a large change in the nunmpber of
mles will have only a mnimal inpact on the final staffing
estimate. In contrast, final sta_fin? estimates tend to be
sensitive to changes in the shift relief tactor; that is, changes

of only 5 or 10 percent in the relief factor can produce changes of
5 or 10 percent in the final staffing estimate. Sensitivity
anal yses shoul d be done for each data itemin the | owest data
qual ity category to identify those itenms for which additional
accuracy is needed and justified.

STEP 4: Improve Accuracy of Inportant Data |tens

The final step recommends that the input data itens targeted for
additional refinenent be prioritized based on the results of steps
2 and 3 above. Such a list serves two purposes. First, effort can
be directed toward those data itens that are @®oft@and w il have
an inmpact on the staffing estimate. Second, |imted resources can
be targeted efficiently. As each data itemis inproved, nore
reliable staffing figures will be generated. This process has no
natural termpation point, but rather is limted by the resources
and time avail abl e. At some point, the effort and resources
required to inprove the data will outweigh the value gained by the
changes in the staffing estimte.
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APPENDI X A: ' |
Use of the PAM Mbdel

This appendix presents a |ist of all of the data items that nmay be
used in the PAM nodel. The list is organized by the worksheet in
which each itemis first used.

Wor ksheet 1: Qperations. Wrkload. and Roadwav Data

All data items in Wrksheet 1 are required.

Wor ksheet

Data Item ldentifier
Nane of theapa . . . . . . . . . . . . . . . . .. 1.1
Shift length (hours) . . . . . .. . . . . . . . . 1.2.1
Average work week (hours) . . . ... ... .. . . 1l.2.2.1
Aver age nunber of benefit (paid) off- duty

hours per year per officer . . Co. ... l.2.2.2
Aver age nunmber of on-duty hours spent on

non-patrol tenporary aSS|gnnents per

year-per officer . . . : Ce e 1.2.2.3
Aver age nunber of officers to be superV|sed by

each field supervisor . . . . . . oo : .. 1.2.3
Percentage of field supervisor on-duty time

spent on unconmitted patrol, reactive, and

self-initiated/ COP activities . . . . . . . . .. 1.2.4
Type nane, category 1 roadways in the APA ..... 1.2.5.1
Average patrol speed (MPH), category 1

roadways in the APA . . . . . ... .. ... .. 1.2.5.2
Patrol interval performance objective (hours),

category 1 roadways in the apa ... ...... 1.2.5.3
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Wor ksheet

Data Item Identifier
Type name, category 2 roadways in the apa ..... 1.2.6.1
Average patrol speed (MPH), category 2

roadways in the APA . . . . . . ... ... ... 1.2.6.2
Patrol interval performance objective (hours),

category 2 roadways in the apa ......... 1.2.6.3
Type nane, category 3 roadways in the ApA ..... 1.2.7.1
Average patrol speed (MPH), category 3

roadways in the APA . . . . . . ... ... ... 1.2.7.2
Patrol interval performance objective (hours),

category 3 roadways in the apa ......... 1.2.7.3
Total number of days in the workl oad

sanple period . . . . . . . ... ... ... .. 1.3.1
Total nunber of accidents handled by the agency

during the sanple period .. ... ... .... 1.3.2
Average service tine (hours) per accident ..... 1.3.3
Total nunber of other cFs handl ed by the agency

during the sanple period . ... ... ..... 1.3.4
Average service time (hours) per CFs ....... 1.3.5
Percentage of other cFrs that cannot be preenpted . 1.3.6
Percentage of adm nistrative activities that

cannot be preenpted . . . .. ... ... 1.3.7
» Percentage Of self-initiated/ COP activities

that cannot be preenpted . ... .. ... ... 1.3.8
Nunmber of mles, category 1 roadways

in the APA 1.4.1
Number of mles, category 2 roadways

in the aAPA . . . . . . . . . . . . 1.4.2
Number of mles, category 3 roadways

in the APA . . . . . . . . . . .. 1.4.3
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Wor ksheet 2: Adnministrative Tine

I n Worksheet 2, the user has the option of providing data item 2.1
or data itenms 2.2.1 and 2.2.2.

Wor ksheet

Data ltem Identifier
Adm nistrative time perfornmance objective

In mnutes per hour per officer ......... 2.1
Total time (hours) spent on administrative

activities during the sanple period ....... 2.2.1
Total on-duty hours on patrol

during the sanmple period .. ... ....... 2.2.2

Wor ksheet 3: Reactive Tine

Al data itens for Wrksheet 3 are obtained from Wr ksheet 1.

Worksheet 4: Proactive Tinme = Self-Initiated and Community-
Oiented Policing

I n Worksheet 4, the user has the option of providing data item 4.1
or data itens 4.2.1, 4.2.2, and 4.2.4, or data itens 4.3.1 and
4.3.2. Input data item4.5.1is optional:

Wor ksheet
Data ltem [dentifier
Self-initiated perfornance objective time
Iin mnutes per hour per officer ......... 4.1
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Data Item

Total number of self-initiated contacts
during the sanple period ... ... ...

Total time (hours) spent on self-initiated

Wor ks

In Worksheet s,

5.2.4.

L]

on M3.0 - Cctober 1993

contacts during the sanple period
Nunber of self-initiated contacts per
shift per officer

Tot al

time (hours) spent on self-initiated
contacts during

the sanple period

Tot al

on-duty hours on patrol
during

the sanple period

Average percent of time per officer to be
spent on connun|ty or|ented poI|C|ng
activities .

heet s: Proactive = Uncommitted Patrol

1ordma|ten55 3.2, 5.3.3, 5.3.4, and

Data ltem

Performance obj ective percentage of energenc
accidents and other cFs for which there w
be at |east one officer available

Area (square mles) O the ApA

Aver age response speed (MPH) for energency
reactive activities ... ...

time performance objective

Average trave
emergency activities

(mnutes) for

Area (square mles) of the APA

performance objective .

f

Wr ksheet
[ dentifier

the user has the option of prOV|d|ng data item
.4.2,5.4.3, 5.4.4.

Wr ksheet
I dentifier
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Wor ksheet
Data Item Identifier
Average response speed (MPH) for non- energency
reactive activities . . . . .. Coe . .. 5.4.3
Average travel time perfornmance objective
(mnutes) for non-energency activities ..... 5.4.4

Wor ksheet 6: Average Daily Nunber of on-bDutvy Oficers

In Worksheet 6, the user can provide data iteme6.2.1 or data item
6.3.1.

Wor ksheet
Data Item ldentifier
Percentage of time patrol units are staffed
with two officers . ... ... ... ...... 6.2.1
Average m ni mum nunber of on-duty officers
required per day for all patrol activities,
based on agency policy ... ... .. ..... 6.3.1

Wor ksheet 7: Special Assiqgnments and Fi el d Supervision

In Worksheet 7, the user has the option of using all, sone, or none
of the data itens |isted below.

Wor ksheet
Data Item Identifier
Nane of special assignment 1 .. ......... 7.2.1.1
Average number of on-duty officers on
specialized assignment 1 . . . ... .. .... 7.2.1.2
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Wor ksheet

Data Item Identifier
Percentage of on-duty tine spent on

patrol by officers assigned

to special assignnents 1 .. ...... .. .. 7.2.1.3
Nane of special assignnent 2 . ... ....... 7.2.2.1
Average nunmber of on-duty officers on

specialized assignnent 2 . . .. .. ... ... 7.2.2.2
Percentage of on-duty tinme spent on

patrol by officers assigned

to special assignnents 2 . . ... ... .. .. 7.2.2.3
Nanme of special assignnent 3 . ... ....... 7.2.3.1
Aver age nunber of on-duty officers on

specialized assignnent 3 . . . ... ... ... 7.2.3.2
Percentage of on-duty tinme spent on

patrol by officers assigned

to special assignnents 3 ..... ...... . 7.2.3.3

Worksheet 8: Total Patrol Staff Requirenments
In Worksheet 8, the user nmay provide data items.4.
Wor ksheet

Data ltem dentifier
Nunmber of command personnel - agency policy ....8.4

Wor ksheet 9: Allocation of Patrol Personnel Among Several APAs

Wr ksheet
Data |tem dentifier
Total number of additional personnel
for all Apas (enter a negative val ue
for personnel reduction) . .. ... ... ... 9.1.1
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Wor ksheet

Data ltem dentifier

Total nunber of current personnel ......... 9.1.2

Nunber of current personnel in each APA ...... 9.1.3
Nunber of personnel estimated for each APA

by the PAM nodel . . ... . .. e e e 9.1.5

Suppl emental Worksheet: Unconmitted Patrol Availability =
| nmedi at e Response

The suEpIenentaI wor ksheet for Section 5.2 is located in Appendi x

A in the Manual.
Wor ksheet

Data Item Identifier
Percent of on-duty staff on shift 1 ........ A.2.1
Percent of on-duty staff on shift 2 ........ A.2.4
Percent of on-duty staff on shift 3 ........ A.2.7
Percent of accidents on shift 1 . ......... A.3.1
Percent of accidents on shift 2 ......... . A.3.4
Percent of accidents on shift 3 .......... A.3.7
Percent of other cFs on shift 1 .. ...... .. A.4.1
Percent of other cFs on shift 2 .......... A.4.4
Percent of other cFs on shift 3 ...... .... A.4.7
Percent of non-preenptable other cFs on shift 1 .. A.5.1.1
Percent of non-preenptable admnistrative

activities on shift 1 .. ... ......... A.5.1.2
Percent of non-preenptable self-initiated/ COP

activities on shift 1 .. .......... .. A.5.1.3
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Wor ksheet

Data Item [dentifier
Performance obj ective percentage of emergency

accidents and other cFs activities on shift 1

for which there will be at |east one officer

available . . . . . . . . . . . . . . . . . . .. A.5.4.1
Percent of non-preenptable other cFs on shift 2 . . a.6.1.1
Percent of non-preenptable adm nistrative

activities on shift 2 . . . . . . . . . . . .. A.6.1.2
Percent of non-preenptable self-initiated/ COP

activities on shift 2 . . . . . . . A.6.1.3
Per f or mance obj ective percentage of emergency

accidents and other cFrs activities on shift 2

for which there will be at l[east one officer

avai lable .. . . C e e e e e A.6.4.1
Percent of non-preenptable other cFs on shift 3. . a.7.1.1
Percent of non-preenptable admnistrative

activities onshift 3. . . . . . . . . . . . . . A.7.1.2
Percent of non-preenptable self-initiated/ COP

activities on shift 3 . . . : . . . A.7.1.3
Per f or mance obj ective percentage of emergency

accidents and other CFs activities on shift 3

for which there will be at l[east one officer

available . . . . R W e
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APPENDI X B: GQossary and Wirksheet Abbreviations and Notation

G ossary

Accident - In PAM an accident refers to a sequence of events
i nvol ving one or nore vehicles that produces injur%, deat h,
y

or property damage and requires investigative tinme one or
nmore officers.

Admi nistrative tinme - Tine spent by patrol personnel on activi-
ties other than reactive, self-initiated/COP, or unconmtted
patrol. My include supervision, nmeals, on-duty court tine,
auto mintenance, training, and agency admnistrative

duties.
Agency policy - The specification of Perfornancelobjectives for
use in the PAM nodel. (See "Pertormance Qbjective.")
Allocation - In the PAMnodel, allocation refers to the distri-

bution of a specified nunber of officers over several APAs.

Area - The geographic area of the APA in square niles. Large areas
within the jurisdiction without roads (e.g., |akes, wlder-
ness areas, etc.) should not be included. The area is used
to determne the nunmber of officers needed to provide a
SﬁeCIfled average travel time to accidents and other cFs.
The val ue used in the nodel may include areas outside of the
jurisdiction of the agency if passage through these areas is

, routinely used in responding to accidents and other CFs.

Area patrol - Patrol assignment which includes responsibility for
both traffic services and general police response within a
speci fied geographic area. (See "Line Patrol.")

Arterial roadway - A major "through" roadway that is typically
used to travel longer distances within a comunity or
region. In cities, nost arterial roadways have considerable

commerci al devel opment and are part of the state's nunbered
roadway system
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Aut ononous patrol area (APA) - Patrol area in which one or nore
of ficers are assigned which has the foll ow ng character-
Istics: (1) CFS may be assigned to any of the officers in
the APA, (2) CFs are rarely dispatched to officers assigned
outside of the apa, and (3) officers assigned to the ApA
rarely respond to CFs outside of the APA.

Availability = In the PAM nodel, one criterion for determ ning
the nunber of officers required for unconmtted patrol is
based on an analysis of the nunber of officers that nust be
"available" in order to neet two performance standards: (1)
the |ikelihood or probability (set by the user) that at
| east one officer wll be avallable for immediate dispatch
to a crs, and (2) that enough officers will be available to
insure that a specified average travel tinme (set by the
user) wll be net.

Average work week - The average nunber of paid on-duty hours per
of ficer per week.

Backup unit - A patrol unit that is assigned or responds to a CFs
to assist the primary unit.

Benefit days off - Paid time off taken by officers in addition to
regul ar days off provided by the work schedul e. Benefit
time off includes vacation |eave, sick |eave, holidays, and
conpensatory time off.

CFS - CFs stands for "calls for service" (i.e., calls to the
police agency that require the dispatch of one or nore
*officers). The PAM nodel uses the total time required to

service CFs as the workload measure for reactive tine. For
agencies with full police powers, cCFs include crimnal
activities, traffic accidents, and various other police
servi ces. Sonme agencies may limt their reactive tine to
CFs that consist primarily of traffic accidents and assis-
tance to notorists and other agencies.

Ctation - A sumons or notice to appear issued by an officer for
a traffic law violation.
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Col | ector roadway - An "intermediate" roadway that is used by
notorists as a bridge between residential and arteria
roadways. Col | ector roadways often have m xed conmerci al

and higher density residential devel opnent.

Command personnel = Those personnel assigned to an APA

or several APAs who provide support services ée.g., train-
ing, range, or desk officers) and the conmmand staff above
the rank of field supervisor.

Communi ty-oriented policing (COP) - A patrol philosophy which
encourages or requires police officers to park their
vehicles and walk in the conmunity and interact with
residents. Wile doing this, the officers are generally not
assigned calls for service. Sone agenci es have policies
specifying the anmount of tine patrol officers should spend
on COP activities. Oher agencies use assigned officers for
this task and patrol officers are not normally involved.

Conpensatory time off - Tinme off granted in lieu of nonetary
paynment for overtine work. Conpensatory time or "comp time"
my be granted at different rates. A straight time rate
implies that one hour of comp tine is given for each hour of
overti me worked. A comp tine rate of tinme and a half

implies that 1 1/2 hours of comp tinme is granted for each
hour of overtine.

Constrai ned allocation - Constrained allocation refers to the
distribution of a specific nunber of officers over severa
APAs wWith [imtations on the nunber of officers that can be
assi gned to each APA. In the PAM nodel, constrained
allocation is used for two cases: (1) when a specific nunber
of officers are to be added to an existing allocation, the
constrained allocation will determ ne a new allocation of
the existing and new officers with the limtation or
"constraint " that the revised staffing level for each APA
must equal or exceed the existing level for each Apa, and
(2) when a specific nunmber of officers are to be subtracted
from an existing allocation, the constrained allocation wll
determne a new allocation of the reduced nunber of officers
with the [imtation or constraint that the revised staffing
| evel for each APA nust not exceed the existing staffing
| evel for each apa. (See "Unconstrained Allocation.")
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Contacts - In the PAM nodel, contacts refers to self-initiated
activities. One nmeasure of the level of self-initiated
activity is a count of the nunber of self-initiated contacts
(i.e., the nunber of stops for traffic violations, warnings,
and assists) per hour per shift.

Control | ed-access highway - A roadway in which owners or occu-
pants of abutting lands have no |legal right of access to or
from the roadway except at such points only and in such
manner as may be determ ned by the public authority having

Lprisdiction over the roadway (e.g., nost interstate
i ghways) .
Depl oyment plan - A generic termthat refers to the resource

al location staffing plan for an agency. A conprehensi ve

depl oyment plan may i1 ndicate the |evel of staff resources
that are needed and how those resources should be allocated
by tinme (e.g., by tine of day and day of the week) and by
geography (e.g., by apPa).

Deterrence - The inpact of visible patrol units on potenti al
traffic and crimnal offenders. (See @@reventive Patrol. @

Di spatching time - The time interval that begins when a call is
recelived at the dispatching center and ends when the
assignment is communicated to an officer

Di spatched unit - A patrol unit that is assigned to a CFs by the
di spatching or telecomunication center

Enmergency activity - An accident or other cFs for which an
+ 1 mredi ate response is required.

Field supervisor - Field supervisor refers to agencY per sonnel
who provide on-the-road supervision of patrol officers.
Typically, field supervisors hold the rank of corporal, or
sergeant.

Fol | ow-up investigation - Investigation of an incident after the
initial on-scene investigation.
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Fraction - |In the PAM nodel, a fraction refers to a nunber
bet ween zero (o) and one (1). A fraction can be converted
to a percentage by multiplying it by 100. For exanple, a
fraction of 0.5 is equivalent to 50% (i.e., 100 X 0.5 = 50).

Full-time - In PAM the term @Jull-time" is used to refer to
officers and field supervisors who are a35|?ned_exclu5|vely
to patrol. O ficers who work on non-patrol units or have

permanent special assignnents are not @ull-time@» on patrol.

Hi storical experience - Refers to the derivation of a value in
t he PAM nodel based on data fromthe past experience of an
agency.

| nmedi ate response - An agency provides an @ nmredi ate response@@
to a cFs when the assignnment is dispatched as soon as it is
received at the dispatching center and the assigned unit
begins travel to the scene as soon as it receives the
assi gnment . (See @@robability of Imedi ate Response. @@

Interstate highway - A roadway identified by the Federal gov-
ernnent as part of the U S. National Interstate and Defense
H ghway system I nterstate hi ghways nmust conformto a
nunber of design requirenments (e.g., they nmust be limted
access roadmayii and are designated by red and blue identi-
fication shield-shaped signs.

Jurisdiction - The entire area in which an officer has |aw
enf orcement powers.

Model - The PAM nodel is a systematic procedure for representing

» the relationships between the patrol staff requirenents for

muni ci pal police departnents and a number of workl oad,
operational, and policy descriptors.

Moving patrol - Uncommitted patrol tine during which a patro
vehicle is moving wwth the nornal flow of traffic. (See
@bt ati onary Patrol. @@

Non- energency activities = Accidents and other CFs for which an
I edi ate response is not required.
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Non-patrol tinme - |In PAM @@on-patrol time@ refers to on-duty
tinme spent on special assignnents.

Non- preemptabl e activities - Oficers assigned to a non-pre-
emptable adm nistrative, reactive, or self-initiated/ COP
activity cannot be reassigned until he/she has conpl et ed
hi s/ her current assignment or he/she is relieved by another
of ficer. Exanpl es of non-preenptable activities are
testifying in court, clearing accidents wth roadway
bl ockage, or taking serious incident reports.

Non- per manent assignnment - A tenporary special assignment.
Tenporary special assignnents that require one or nore
shifts (e.gi., protection of a visiting dignitary) are
usually included in the calculation of the shift relief
factor for the agency. Tenporary special assignnments that
require less than one shift are included in the @mdm nis-
trative@dtine category. (See @@bpeci al Assignments. @0

Non- supervi sory work - Wrk done by a field supervisor that does
not involve the supervision of subordinates. Non-supervis-

ory work usually_includes patrol activities that could be
performed by officers.

bligated time - The total tine required by patrol units to
respond to and service cFs. (bligated tine includes the
travel time, on-scene time, report witing tinme, and
followup investigation tinme expended by all patrol units
that respond to a cFS. |In the PAM model, total obligated
time is based on the tinme spent by each unit, not each

of ficer. Total obligated time serves as the workload
measure to determne the nunber of patrol units required for
» reactive tinme activities. Total obligated tinme is also

referred to as total service tine or total reactive tine.

Oficers = Ageneric termthat refers to sworn personnel in a |aw
enforcement agency.



Version M3.0 - Oct ober 1993

On-duty tine - In the PAM nodel, on-duty tine refers to the
actual time that an officer for work. On-duty time
i ncludes both patrol tinme and non-patrol tinme. Non-patrol
tine includes time spent on tenBorary speci al assi gnments.
On-duty tinme can be determ ned by assumng that an officer
wor ks every day and subtracting the nunber of days that an
officer is off duty for both scheduled tinme off (i.e.,
regul ar days off? and benefit time off (i.e., vacation tine,
hol'i days, "sick [eave, etc.). If this nethod is used, paid
overtime nmust be added to determne the total on-duty tine.

One-officer unit - A patrol unit with only one officer assigned
to it.

Patrol activity - A generic termthat refers to the activities
included in the four tinme categories used in the PAM nodel

(i.e., reactive, self-initiated/COP, unconmtted patrol, and
adm ni strative).

Patrol area - See @O\rea."

Patrol contacts - Used in the PAM nodel to refer to incidents
included in the @®elf-initiated@ category (e.g., an officer
who issues four citations and assists two notorists during
one shift would have had six contacts).

Patrol interval - A nmeasure of the extent or intensity of patrol
coverage. The patrol interval is defined as the frequency
wi th which an officer will pass a given point on the roadway
or the average time a stranded nmotorist would have to wait
for an officer to cone by on uncommitted patrol. Pat r ol

, interval is determned by the number of roadway niles, the
nunber of patrol units, the anmount of uncommtted patro
time per hour per unit, and the average patrol speed.

Patrol speed - The average speed in mles per hour of a unit
while on uncommitted patrol. The speed can be determ ned by
dividing the mles driven per shift by unconmmtted patrol
tine, he total mles should not include mles driven while
responding to an accident or other CFS, or perform ng an
adm nistrative activity. Unconmtted tinme does not include

time spent on admnistrative, reactive, or self--
initiated/ COP activities. The tinme spent on uncomm tted
patrol should include tine spent on both noving and station-
ary patrol
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Patrol unit - A vehicle used by one or two officers for patrol
activities. In the PAM nodel, the procedures used in
wor ksheets 2 - 5 and Section 6.1 in Wrksheet 6 are based on
t he assunption that each patrol unit has one officer. As a
result, in these worksheets, the ternms @unber of patrol
units@ and @unber of officers on patrol @®are used inter-
changeabl y. (An adjustment for the use of two-officer
patrol units is presented in Wrksheet 6.)

Performance objective - A target or specified perfornmance
standard that is set either by Pollcy or by historical
experience. In the PAM nodel, performance objectives may be

set for (1) the nunber of mnutes per hour per officer
spends on adm nistrative activities, (2) the nunber of
m nutes per hour per officer spends on self-initiated/ COP
activities, (3) the nunmber of self-initiated contacts per
shift per officer, (4) the average patrol interval, (5) the
percentage of accidents and other CFs for which an officer
can be dispatched inmediately, (6) the average travel tine
to accidents and other cFs, (7) the percentage of two-off-
lcer units, (8) the average nunber of officers per field
supervisor, and (9) the nunber of command personnel re-

qui red.
Per manent assignment - An assignnment that will continue for an
indefinite period of tine. In PAM the adjustnent for the

nunber of officers required for patrol when sone officers
are on pernanent special assignment is covered in
Wr ksheet 7.

Preenptable activities - Oficers assigned or engaged in
preenptabl e adm nistrative, reactive, or self-initiated/ COP
activities can be interrupted and inmediately reassigned to
a nore serious or emergency incident. Preenptable activi-
ties include service calls, post-incident report witing,
traffic stops, and neal breaks.

]

Preventive patrol - Visible uncormtted patrol designed to
prevent or limt unlawful activity. (See @@eterrence. @O

Primary highway - A US. or state-nunmbered route, or other major
hi ghway designated by authorities as part of a major system
of roadways within their jurisdiction
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Primary unit - Patrol unit that is assigned to or initiates a
patrol activity and has responsibility for investigating and
reporting the activity.

Proactive tine - Proactive time refers to time spent by an
officer on self-initiated/ COP activities and unconmtted
patrol; it includes the tine spent performng the activity
(e.g., issuing a citation) and the tine spent on uncommitted
patrol |ooking for the activity (e.g., looking for traffic
violators).

Probability of immediate response - The probability that when the
next CFS arrives, at |least one officer wll be free or
avail able for assignnment to the call.

Queuing theory = A branch of nmathematics that uses statistics and
probability to describe the operating characteristics, of
queues (i.e., waiting lines). The receiving and assigni ng
of crs at a police dispatching center can be viewed as a
waiting line operation in which CFS represent custoners who
will have to wait in line (i.e., stacked) if all servers

i.e., gatrol units) are busy. The determnation of the
robability of imediate response@in the PAM nodel is
based on fornulas derived from queuing theory.

Reactive time - The total time required by all patrol units to
respond to and handle a cFs. (See ligated Tine. @@
Real l ocation - In PAM the term @@eallocation@is used to

identify or distinguish a revised allocation of a specific
nunber of officers over several ApAas fromthe original or
initial distribution of the officers.

Regul ar duty = The usual or permanent assignnent for an officer
or field supervisor. Regul ar duty mmy consist of patro
duty, special assignment, or a conbination of both. An
officer is not on regular duty while on tenporary assign-
ment .

Residential roadway = A roadway not generally used by through
traffic usually located in areas with |owdensity residen-
tial housing.
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Response speed - The average speed in mles per hour of a patrol
unit responding to an accident or other CFs.

Resource allocation - |In PAM resource allocation refers to the
determ nation of the nunber and allocation of |aw enforce-
ment personnel whose primary nmission is the delivery of
police traffic services.

Roadway - A generic termused in PAMto refer to any type of
hi?hmay or street patrolled by a jurisdiction-wide |aw
enf orcenent agency (e.g., interstate highways, Prinary
hi ghways, secondary hi ghways, arterial streets, collector
streets, residential streets, etc.)

Sanple period - In PAM the sanple period refers to the tine
period for which data is collected. It is not necessary
that all input data used in the PAM nodel be obtained from

the same "sample period. @@

Secondary highway - Any non-arterial or rural roadway.
Self-initiated activities - Activities carried out by patrol
officers that are not assigned by a dispatcher. Exanpl es

include nost traffic enforcenent and notorist assists.
Self-initiated contact - See @ontacts, @@

Service time - The total tinme expended by a patrol unit to handle
an accident, crs, or self-initiated/COP activity. Service
"time includes travel time (for dispatched calls), on-scene
time, report witing tine, and followup investigation tine
expended by all units that provide service. Service tine
does not include dispatching tinme. Service tine spent on
di spatched calls is used to determne the total obligated

time for an agency. (See "obligated Ti me. @O

Service-on-demand - A termused to characterize crs in order to
di stinguish them from self-initiated/ COP activities.
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Shift - An officer's regular on-duty period; sonetines called a
tour or watch.

Shift length - The length in hours of each tour, watch, or shift.

Shift relief factor - The shift relief factor indicates the
average nunber of personnel needed to provide one on-duty
officer for one shift every day. Shift relief factors for
agencies with eight-hour shift |engths are usually between
1.6 and 1.9. The shift relief factor is nultiplied by the
average nunber of on-duty personnel required per day to
determne the total patrol staff size. Shift relief factors
depend on the shift |ength, average work week, benefit tine
off policies of the agency, and the ampbunt of on-duty,
non-patrol tine per officer.

Special assignments - Additional assignnents given to patro

per sonnel (e.g., accident reconstruction and hazardous
material s). er manent speci al assignnments are handled in
Wrksheet 7 of the Manual. Tine spent on tenporary special
assignments that last for nore than one shift are not
included in any of the four patrol tinme categories used in
the PAM nodel, but are accounted for in the determ nation of
the shift relief factor. Time spent on tenporary special
assignnents that require less than one shift is included in
admni strative tine.

St af f

The PAM nodel uses the term a@taff @@to refer to the tota
nunber of sworn personnel (both on- and off-duty) that are
requhred to provide a specified nunber of on-duty officers
per day.

Stationary patrol - Uncommtted patrol time in which the patrol
vehicle is not in notion. Exanples include running station-
ary node radar and observing an intersection or high
accident location for traffic violators.

Tenporary assignnment - See @Non-Permanent Assignment. @@

Tour - See @@hift. Q@
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Travel tinme - The tine interval that begins when a patrol unit
receives a CFs assignment from a dispatcher and ends when
the unit arrives on scene. Travel time does not include
di spatching tine.

Two-of ficer unit - A patrol unit with two officers assigned to
It.

Uncommitted patrol - Time spent by patrol personnel on activities
other than reactive, self-initiated/ COP, or admnistrative.

Uncommitted patrol time is used to provide agency visibility
for the deterrence of traffic violators and agency avail -
ability for reactive and self-initiated/ COP activities.

Unconmitted time - See @ncommitted Patrol Tine. @@

Unconstrained allocation - Unconstrained allocation refers to the
distribution of a specific nunber of officers over several
APAs With no limtations on the nunber of officers that can
be assigned to each APA. (See @@onstrained Allocation.")

Uniform staffing - Uniformstaffing by shift or APA refers to an
allocation in which the same nunber of patrol officers is
assigned to each shift, day of the week, or APA.

Visibility - One purpose of unconmtted patrol is to pronote the
general deterrence of traffic and crimnal violators by
mai ntai ning a high level of officer visibility.

Watch - See @®hift. @@
Wrk activity = See @atrol Activity. @@

Wrkload - 1In the PAM nodel, the term workload refers to the
total obligated tinme generated by all accidents and other
CcFs, and the total time required to provide a user- speci-
fied level of self-initiated/ COP activities.
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Wor ksheet Abbrevi ati ons and Not ation

APA - Aut ononmous patrol area.

AWW - Average work week.

CAD - Conput er - ai ded di spat chi ng.

CFs - Calls for service.

CcoP - Communi ty-oriented policing.

f apa - Fraction of admnistrative activities that are

non- pr eenpt abl e.

£ i - Fraction of admnistrative activities that are
non- preenptable on shift i.

£ - Fraction of reactive activities that are non-
preemptabl e on shift i.

S - Fraction of reactive activities that are non-
preenpt abl e.

f opri - Fraction of reactive activities that are non-
preenptable on shift 1i.

f ape - Fraction of self-initiated/ COP activities that
are non- preenpt abl e.

f apei - Fraction of self-initiated/ COP activities that
are non-preenptable on shift i.

fa - Fraction of on-duty time spent on non-patro

' activities by officers assigned to specia
unit i.

H, - Average nunber of benefit (paid) hours off per

year per officer.

H, - Average nunber of on-duty hours on patrol per
year officer per year.

H, - Total hours required to cover one shift posi-
tion for one year.
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Average nunber of on-duty hours on tenporary
assi gnments (non-patrol) per officer per year.

Average nunber of paid hours of work per year
per officer

The agency-specified performance objective for
t he percentage of accidents and other cFs for
which at |east one officer wll be available.

The agency-specified perfornmance objective for
t he percentage of accidents, other cfFs, and
self-initiated/ COP activities on shift i for
which at |east one officer wll be available.

Factor used in Section 5.2 based on m, and m,.
All admnistrative activities are treated as
non- preenpt abl e.

Factor used for shift i in Appendix Ain the
Manual based on m, and m,. Al administrative
activities on shift i are treated as non-
preenpt abl e.

Factor used in Section 5.2 in the Manual to
estimate the nunber of officers required to
neet the imedi ate response performance re-
qui rement . It is based on K, and K.

Factor used in Appendix A in the Manual for
shift i to estimte the nunber of officers re-
quired to nmeet the immediate response perfor-
mance requirenent. It is based on K ; and K.

Factor used in Wrksheet 7 to adjust the daily
nunber of on-duty officers. Based on the
average nunber of officers that report to each
field supervisor and the percentage of tine
supervi sors spend on patrol work.

Factor used in Section 5.2 based on m, and m,
and adjusted for the fraction of adm nistra-
tive activities that are non-preenptable.

Factor used in Appendix A in the Mnual based
on m, and m, and adjusted for the fraction of
admnistrative activities that are non-
preemptable on shift i.
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Factor used in Section 5.2 based on m, and m,
and adjusted for the fraction of self-initiat-
ed activities that are non-preenptable.

Nunber used in Section 5.2 in the Minual to
determ ne which table to use to estimate the
maxi mum nunber of officers required to neet
the i medi ate response performance require-
ment . Based on m,, m,, and the fraction of
admi nistrative and self-initiated/ COP activi
ties that are non-preenptable.

Nunber used in ApBendix Ain the Manual to
determ ne which table to use to estinmate the
maxi mum nunber of officers required to neet
the immedi ate response performance requirenent
for shift i. Based on m,, m,, and the fraction
of adm nistrative and sel f-initiated COP
activities that are non-preenptable on shift
1.

Factor used in Appendix A in the Minual for
shift i based on m, and m, and adjusted for the
fraction of self-initiated activities that are
non- preenptabl e on shift i.

Factor used in Section 5.2 based on m, and m,.
Al self-initiated activities are treated as
non- pr eenpt abl e.

Factor used in Section 5.2 in the Manual to
estimate the nunber of officers required to
nmeet the |nned|ate reifonse performance re-
qui renent . I s based on Kk, and K, and as-
sunmes that no adn1n|strat|ve or self-initiated
activities are preenptable.

Factor used in Appendix A in the Minual to
estimate the nunber of officers required to
neet the immedi ate response performance re-
quirenment on shift i. It is based on K,; and K,
and assunes that no admnistrative or self-
initiated activites are preenptable on shift i.

Factor used for shift i in Appendix Ain the
Manual based on m, and m,. Al self-initiated
activities on shift i are treated as non-
preenpt abl e.
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Nunber used in sections 5.3 and 5.4 to de
termine the nunber of officers required to
meet the travel tine performance objective for
area patrol. Based on the average response
speed and the travel tine objective in mn-
ut es.

The average nunber of m nutes per hour per
of ficer spent on admnistrative tine.

The average nunber of mnutes per hour per
officer spent on reactive activities (i.e.
di spatched acci dents and ot her cFs).

The average nunber of m nutes per hour per
of ficer spent on self-initiated/ COP activities
(e.g., traffic citations, traffic warnings,
and notorist assists).

M1 es per hour.

Addi tional nunmber of on-duty officers required
each day to neet the inmediate response objec-
tive,

Addi tional nunber of on-duty officers required
each day for shift i to neet the i mediate
response objective.

Addi tional nunber of on-duty officers required
per shift each day to neet the immediate
response objective.

Ad%usted average daily nunber of on-duty
of ficers.

Adj usted daily nunber of on-duty officers
required for energency reactive activities on
shift i.

Adj usted daily nunber of on-duty officers
required per shift for emergency reactive
activities.

Adj usted daily nunber of on-duty officers
assigned to special assignnent i.
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The total nunmber of conmand staff, both on and
of f-duty.

The actual nunber of additional officers
needed to neet the travel tine performnce
obj ective for emergency activities. Used in
Section 5.3.

The actual nunber of additional officers
required on shift i to neet the immediate
response tinme performnce objective.

The actual nunber of additional officers
required per shift to neet the immediate re-
sponse time performance objective.

The maxi mum nunber of additional officers
needed to neet the travel tinme performance
obj ective for emergency activities. Used in
Section 5.3.

The average m ni mum nunber of on-duty patrol
officers required per day.

The actual nunber of additional officers
needed to neet the travel tine performance
objective for non-enmergency activities. Used
in Section 5.4.

The average total nunmber of on-duty officers
per day.

The average nunber of on-duty field supervi-
sors per day.

The average nunber of on-duty officers per
day.

The average nunber of on-duty officers re-
quired per day to neet the uncommtted patrol
time requirement.

The average nunber of on-duty officers re-

uired per day to neet the reactive tine
?serV|ce-on-denand) requirenent.
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The average nunber of on-duty officers re-

quired on shift i to nmeet the reactive tine

requirenent.

The average nunber of on-duty officers re-
uired per shift to neet the reactive tine

?service-on-denand) requirenent.

The total nunber of field supervisors, both on
and of f-duty.

The nunber of on-duty officers assigned to
special unit i.

The total nunmber of patrol officers, both on
and of f-duty.

The total patrol staff requirenent.

The total nunmber of additional officers re-
quired to neet both travel tinme performance
obj ectives specified in sections 5.3 and 5.4.
Police Allocation Mnual

Shift relief factor.

The total staff to be added (or subtracted)
for the allocation.

The total current staff.

The total staff requirement based on PAM
estimates.

Total overstaffing (or understaffing) based on

current staff |levels and PAM staff estimates
for each ApA.
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APPENDI X c: Exanpl e Usi ng PAM Wrksheets 1 - 9 To Determ ne
Patrol Staffing Reaquirements and Allocation

| nt roduction

This appendix illustrates the use of worksheets 1-8 to determ ne
staffln%_levels for one APA and Wrksheet 9 to allocate staff among
three shifts. The data used for this exanple are based on

informati on obtained fromthe field test agencies during Phase |V
of the PAM project.

The renainder of this appendix is divided into two parts. The
first presents observations about the exanple agency and the
particul ar options used in each worksheet. Conparisons between the
data val ues used or calculated for the exanple and the field test
results (shown in Table 1 in the @Qide) are also discussed. The
second part consists of the conpleted worksheets.

Cbservati ons

In the discussion below, references to specific values in the
wor ksheets are made by identifying the correspondi ng worksheet step
nunbers in parentheses.

Wr ksheet 1: Qperations, Wrkload, and Roadway Data

The exanple APA covers the entire jurisdiction for a municipal
police departnent for a city with a popul ati on of approxi mately
100,000. The agency handl ed 2,148 accidents (1.3.2) and 45,284
other calls-for-service (CFS) (1.3.4) last year. The jurisdiction
has 75 mles of arterial streets (1.4.1), 100 mles o% col | ector
streets (1.4.2), and 267 mles of residential streets (1.4.3). A
patrol interval of 2 hours is used for arterial streets (1.2.5.3),
8 hours for collector streets (1.2.6.3), and 48 hours (1,2,7,3) for
residential streets.

Wor ksheet 2: Administrative Tine

The agency uses historical data in Section 2.2 to determ ne that
the admnistrative tine per hour per officer is 12.00 m nutes
(2.2.4). The field test average for Section 2.2 was 12.57 m nutes.
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Wr ksheet 3: Reactive Tine

The total obligated time per day for the agency is 108.49 hours
(3.3.1) which consists of 9.24 hours for accidents (3.1.5) and
99.25 hours for all other CcFs (3.2.5). Based on an 8-hour shift,
this level of workload requires 13.56 on-du%y officers per day
(3.3.3). The average service tine for accidents is 1.57 hours
(3.1.2) which equals the field test average. The average tine of
0.80 hours for all other cFrs (3.2.2) is alnost equal to the field
test average of 0.81 hours.

Wor ksheet 4: Proactive Tine - Self-Initiated

The agency deternmines self-initiated time based on the historical
experience of the agency in Section 4.3. The average of 8.40
m nutes per hour per officer (4.3.4) is slightly lower than the
field test average of 8.57 m nutes.

Wor ksheet s: Proactive Tinme - Uncomm tted Patrol

In Section 5.1, the agency calcul ates a requirenment of 7.88 on-duty
officers per day (5.1.5) to provide the desired |level of patro

visibility. The 7.88 officers consist of 4.69 officers for
arterial streets (5.1.2.5) to nmeet a 2-hour patrol interval
objective (5.1.2.4), 2.08 officers for collector streets (5.1.3.5)
to nmeet an 8-hour patrol interval objective (5.1.3.4), and 1.11
officers for residential streets (5.1.4.5) to neet a 48-hour patrol
interval objective (5.1.4.4).

For patrol availability, the agency exam nes two options: the
I mredi at e response option in Section 5.2 and the travel time option
in sections 5.3 and 5.4. In Section 5.2, values of 12.00 m nutes
for m, (5.2.2.8), 11.40 m nutes for m, (5.2.2.9), and the fractions
of non-preenptable reactive (5.2.2.5), adninistrative f5.2.2.6),
and 'self-initiated (5.2.2.7) activities are used to calculate a
val ue of o.10 for K, (5.2.2.15). This value indicates that Table
A-2 (5.2.3) should be used to determne the total nunber of
officers needed per shift to neet the i mmedi ate response require-
ment . Based on the i medi ate resgonse per f or mance obj ective
(5.2.4.1), the agency determnes that a total of 1.90 on-duty
officers (5.2.4.2) are needed per shift to insure that at |east one
officer wll be Imediately available for 80% of the accidents,
other crs, and self-initiated activities. Adjusting for officers
who are @ovail able@ on preenptable activities, the negative val ue
obtained in Step 5.2.4.4 indicates that no additional officers are
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needed. This is shown by the zeroes entered for steps 5.2.4.5 and
5.2.4.6. Since the agency has uniformstaffing over the 3 shifts,
there is no need to use the suppl ement worksheet in Appendix A (not
shown) in place of Section 5.2.

In Section 5.3, the daily on-duty staffing for response to
energency activities is determned. The agency provides
around-t he-cl ock coverage over the entire jurisdiction (36 square
mles, (5.3.2.1)). Based on an average response speed of 38 mles
per hour (5.3.2.2); a target travel tine of 4.5 mnutes (5.3.2.3);
and the fractions of reactive (5.3.3.3), adm nistrative activities
(5.3.3.4), and self-initiated activities (5.3.3.5) that are not
preenptable, no additional officers are required for response to
emergency activities (5.3.4).

In Section 5.4, the daily on-duty staffing for response to non-
energency activities is determned. Based on an average response
speed of 20 mles per hour (5.4.3) and a target travel tine of 30.0
mnutes (5.4.4), 0.48 additional officers are required (5.4.5.3).

To determ ne the nunber of officers for availability, the agency
first determ nes the nunber of officers required per day (5.5) to
satisfy the response tine objectives in sections 5.3 and 5.4.
Next, the result in (5.5)1is conpared wth the result of Section
5.2 (5.2.4.6) and the larger value is selected for (5.6). In the
example, the larger value is the travel tinme result of o0.48
of ficers. The last step is to determne the nunber of on-duty
officers for unconmtted patrol (5.7). This is done by conparing
the nunber of on-duty officers needed for @@isibility@ (i.e., 7.88
officers in Step 5.1.5) wth the nunber of officers needed for
@oavailabilitya® (i.e., 0.48 officers in Step 5.6) and selecting the
| arger val ue. For this exanple, the nunber of officers for
uncomm tted patrol is 7.88 (Step 5.7).

Wrksheet 6: Average Daily Nunber of On-Duty Officers

The agency uses Section 6.1 to determne that 35.16 on-duty
officers (6.1.5) will be needed each day. Since no patrol units
are staffed with two officers, no adjustment is needed for Step
6.2.4. The agency has a mninum staffing requirenent of 15
officers per day (6.3.1). Since the daily nunber of officers
(6.2.4) exceeds the mninumdaily requirenent, 35.16 officers is
entered for Step 6.3.2.

Wr ksheet 7: Special Assignnent and Field Supervision

Wor ksheet 7 is used to adjust the nunber of officers for patrol
work performed by field supervisors and officers on specia
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assignment. For the exanple, each field supervisor is responsible
for an average of 6 officers (7.1.1) and spends approxi mately 25%
of his/her time on patrol (i.e., non-supervisory) activities
(7.1.2). In Section 7.1, the agency determ nes that the adjusted
nunber of on-duty, full-tine officers is 33.75(7.1.6).

The agency uses an average of 3 officers (7.2.1.2) on-duty each day
for traffic enforcement-radar activities. FEach officer assigned to
the unit spends approximately 50% of his/her tine on patro
(7.2.1.3). The adjusted nunber of on-duty officers is 1.44
(7.2.1.6).

The agency uses an average of 2 officers (7.2.2.2) on-duty each day
for crime prevention activities. Each officer assigned to the unit
spends approxinately 30% of his/her time on patrol (7.2.2.3). The
adj usted number of on-duty officers is 1.34 (7.2.2.6).

The total adjusted daily nunber of on-duty officers equals 36.53
(7.2.4). The nunber of on-duty, full-time officers can be obtained
by subtracting the total nunber of special assignment staff on duty
each day (i.e., 5 officers, 3 for traffic enforcement and 2 for
crine prevention) fromthe total adjusted nunmber of officers found
in Step 7.2.4 (1.e., the nunber of on-duty, full-time officers
equal 31.53 (36.53 - 5)).

The total nunber of on-duty field supervisors required per day is
6.09 (7.3.1). This value is obtained by dividing the adjusted
number of on-duty officers (7.2.4) by the average nunber of
officers that report to each supervisor (7.1.1).

Wrksheet 8: Total Staff Requirenent

Since the agency has an average work week of 40 hours (8.2.3), the
average nunber of paid hours of work per year per officer is
2,085.71 (8.2.4). Wien non-patrol time for benefit tine off
(8.2.5) and tenporary special assignnents (8.2.6) are subtracted,
t he .average nunber of patrol hours per year per officer equals
1,671.81 (8.2.7). The shift relief factor for the_a?ency IS 1.747
(8.2.8). Miltiplying the on-duty officer and field supervisor
estimates by the shift relief factor yields the total staff
requirements (i.e., 63.81 officers (8.3.1) and 10.63 field
supervi sors (8.3.2)).

The agency uses Section 8.4 to specify a total of 6 staff and
command personnel. The total staff requirenent of 80.44 officers
for the APA is recorded in Section 8.5.
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Wor ksheet 9: Allocation of Patrol Personnel Anmong Several shifts

Only Table 4-1 from Wrksheet 9 is shown below to illustrate the
al location procedure. The allocation exanple is based on 3 shifts.
The current staffing levels for each shift are shown in colum 1.
The sum of columm 1 indicates that the total current staffing (TC)

is 72 officers. The PAM staffing estimates for each shift are
shown in colum 2. (The derivations of these estimates are not
shown.) The sum of columm 2 indicates that the total staff

estimate (TB) for the 3 shifts from the PAM nodel is 80.54
officers. Conparison of the colums 1 and 2 indicates that shifts
2 and 3 are understaffed. For the exanple allocation, 6 additional
officers (Ta) are to be added to the current staffing total of 72.

The values for the unconstrained allocation of the 78 officers
(i.e., 72 + 6) are shown in colum 3. (See Step 9.1.7 in Wrksheet
9 for the fornula used to determne the values in colum 3.)

Colums 4 - 8 are used to determne the constrained allocation of
the 78 of ficers. The di fference between the values in colums 1
and 3 for each shift are shown in colum 4. The difference
i ndi cates the anount of over or understaffing for each shift.

(Only shift 1 has a positive value which indicates it is overstaff-
ed.) Since the total staff is to be increased (i.e., Ta > 0), the
procedures described in Step 9.2.3 are used to determ ne the val ues
In colum 5. (For each shift, if the value in colum is negative,

it is copied in colum s. |If the value in colum 4 is positive, a
zero is entered in colum 5.) Step 9.2.3.3 is used to calculate
how the 6 new officers will be distributed over the 3 shifts
(colum 6). For the constrained allocation procedure, additiona

staff is only added to shifts that are understaffed (i.e., shifts
that have negative values in colum 5). The values in colum 6 are
rounded to whole nunbers and entered colum 7. (The sum of the
values in colum 7 nust equal the nunber of staff to be added.)

The final value for each shift for the constrai ned allocation,

shown in colum 8, is obtained by adding the current staff (colum
1) to the staff to be added (colum 7). Note that even though
officers are only added to shifts 2 and 3, Shift 1 remains
overstaffed.
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WORKSHEET 1: Operations, Wrkl oad, and Roadway Data

oj ective: ldentify data itenms to be used for determning
t he number of patrol personnel within an APA.

Method: Data is identified as either operations, work-
| oad, or roadway.

Law Gty
1.1 Autononous Patrol Area Nane .
(1.1)
1.2 Qperations Data for the apa
: 8.0
1.2.1 Shift length (hours)
(1.2.1)

1.2.2 Average nunmber of on-duty hours on patrol per year
per officer

1.2.2.1 Ayerage mprk week (average
number Pard hour s per 40.0
week per of ficer) oo

(1.2.2.1)

1.2.2.2 Average nunber of benefit

(paid) off-duty hours per 275.2
year per officer :

(1.2.2.2)
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1.2.2.3 Average nunber of on- dutr
hours spent on non-patro

temporary assignments per 138.7
year per officer

(1.2.2.3)
1.2.3 Average nunber of officers
to be supervised by each | 6.0 |
field supervisor
(1.2.3)
1.2.4 Percentage of field supervisor
on-duty time spent on unconmitted
patrol, reactive, and self- | 25.0
initiated/ COP activities .
(1.2.4)
1.2.5 Patrol operations = roadway category 1
1.2.5.1 Category 1 Arterial Streets
roadway type .
(1.2.5.1)
1.2.5.2 Average uncomm tted 24.0
patrol speed (MPH)
(1.2.5.2)
1.2.5.3 Patrol interval _
performance objective 2.0
(hours) . . . . . . . . ..
(1.2.5.3)
1.2.6 Patrol operations - roadway category 2
1.2.6.1 Category 2 Col l ector Streets
roadway type .
(1.2.6.1)
1.2.6.2 Average unconm tted 18.0
patrol speed (MPH)
(1.2.6.2)
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1.2.6.3 Patrol interval _
performance objective
(hours) Co

8.0

(1.2.6.3)

1.2.7 Patrol operations - roadway category 3

1.2.7.1 Category 3

Residential Streets

roadway type .

(1.2.7.1)
1.2.7.2 Average uncomm tted 15.0
patrol speed (MPH)
(1.2.7.2)
1.2.7.3 Patrol interval
perfornmance objective 48.0
(hours) : :
(1.2.7.3)
1.3 Wrkl oad Data for the apa
1.3.1 Total nunmber of days in I 365.0
t he sanple period .
(1.3.1)
1.3.2 Total nunber of accidents
handl ed by the agency durlng l 2,148
the sanple period .. .
(1.3.2)
1.3.3 Average service tine (hours) | 1.57
per acci dent :
(1.3.3)
1.3.4 Total nunber of other cFs
handl ed by the agency dur|ng 45,284 |
the sanple period . :
(1.3.4)
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1.3.5 Average service time (hours) 0.80
per other CFs . .o
(1.3.5)
1.3.6 Percentage of other CFs 20.0
that cannot be preenpted .
(1.3.6)
1.3.7 Percentage of admnistrative
activities that cannot be 12.0
preenpted . Ce e e
(1.3.7)
1.3.8 Percentage of self-initiated/ COP
activities that cannot be 20.0
preenpted . .o Co
(1.3.8)
1.4 Roadway Data for the apa
, 75.0
1.4.1 Roadway category 1 (mles)
(1.4.1)
_ 100.0
1.4.2 Roadway category 2 (mles)
(1.4.2)
_ 267.0
1.4.3 Roadway category 3 (mles)
(1.4.3)
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WORKSHEET 2: Adm nistrative Tine

Qobj ective: Determine the average nunber of minutes per hour
per officer to be spent on adm nistrative activi-

ties wthin the ApA (m,).

Met hod: Based either on policy decision or historical
experience.

OPTI ON:  Conpl ete Section 2.1 or Section 2.2.

2.1 Average Nunmber of Mnutes Per Hour Per Officer - Policy
Decl si on

Select admnistrative tine
performance objective in mnutes -——

per hour per officer
(2.1)

Continue with Section 2.3.

2.2 Average Nunber of Mnutes Per Hour Per Oficer -
H storical Experience

2.2.1 Total time (hours) spent on
admnistrative activities within 23,420.0
the APA during the sanple period .

(2.2.1)
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2.2.2 Total on-duty hours on ﬁatrol
Wi thin the APA durlng t 117,100.0
sanple period . . . Coe .
(2.2.2)
2.2.3 Fraction of time spent on
adm ni strative activities, 0.20
divide: (2.2.1) + (2.2.2) . . .
(2.2.3)

2.2.4 Average nunber of mnutes per
hour per officer, mltiply: 12.00
(2.2.3) X 60 . . ... . ...

(2.2.4)
2.3 Admnistrative Tine
M nutes per hour per officer, " 12.00
sel ect either (2.1) or (2.2.4) . .o
(note: 0 <m, < 60 ) (2.3)

c -1

(

)
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WORKSHEET 3: Reactive Tine

bj ective: Determne the nunber of officers required to
handl e accidents and other cFs within an APA
(N,).
Met hod: Based on the total tine required to handle al
acci dents and other cFs, and the shift |ength.
3.1 Daily Service Time Requirement for Accidents
3.1.1 Total nunber of accidents
within the APA during the 2,148
sanpl e period, use (1.3.2) .
(3.1.1)
3.1.2 Average service tinme (hours) 1.57
for each accident, use (1.3.3) .
(3.1.2)
3.1.3 Total obligated tinme for
accidents within the apa
during the sanple period, 3,372.4
mul tiply: (3.1.1) X (3.1.2) .
(or enter directly from CAD (3.1.3)
system
' 3.1.4 Total nunber of days in the 365.0
sanpl e period, use (1.3.1) .
(3.1.4)
3.1.5 Average workl oad per day for
accidents (hours), divide: 9.24
(3.1.3) + (3.1.4) .
(3.1.5)

c - 12
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3.2 Daily Service Time Requirenent for Other crs

3.2.1 Total nunber of other cFs
Wi thin the APA during the 45,284 ‘
sanpl e period, use (1.3.4) .

(3.2.1)
3.2.2 Average service time (hours) 0.80 |
for each cFrs, use (1.3.5) .
(3.2.2)
3.2.3 Total obligated tine for
other cFrs wthin the APA
during the sanple per|od 36,227.2 |
mul tiply: (3.2.1) X (3.2.2) . . .
(or enter directly from CAD (3.2.3)
system
3.2.4 Total number of days in the | 365.0
sanpl e period, use (1.3.1) .
(3.2.4)
3.2.5 Average workl oad per day for
ot her cFs (hours), divide: ‘ 99.25
(3.2.3) + (3.2.4) Coe e e
(3.2.5)

3.3 Total Nunber of Officers Required per Day for Reactive Tine

3.3.1 Total average workl oad per
day within the apa (hours), 108.49
add: (3.1.5) + (3.2.5) . :

(3.3.1)
3.3.2 Shift length (hours) | 8.0
use (1.2.1) . Ce e ,
(3.3.2)

3.3.3 Average nunber of on-duty officers
required ﬁer day within the APA -
to meet the avg. daily workl oad, " 13.56 " (N,)
divide: (3.3.1) + (3.3.2) . oo

(3.3.3)

cC - 13
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WORKSHEET 4: Proactive Tine - Self-initiated and Community-
Oiented Policing

Objective: Determine the average nunber of mnutes per hour
per officer to be spent on self-initiated/ COP
activities within the APA (m,).

Met hod: Based either on policy decision or historical
experience within the APA.

OPTION: Conplete Section 4.1 or Section 4.2 or Section 4.3.

4.1 Average Number of Mnutes Per Hour Per Officer for self-
Initiated Activities - Policy Decision (Direct)

Select self-initiated performance
objective for the Apa, —
m nutes per hour per officer

(4.1)
Continue with Section 4.4

4.2 Average Nunber of Mnutes Per Hour Per Officer for self-
Initiated Activities = Policy Decision (Indirect)

4.2.1 Total nunber of self-initiated
contacts within the Apa -
during the sanple period .

(4.2.1)

cC - 14
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Total time (hours) spent on
self-initiated contacts wthin
the APA by all officers on

patrol during the sanple period .

Average time éhours) per
self-Initiated contact within
the APA during the sanple per|od
divide: (4.2.2) + (4.2.1) .

Sel ect nunmber of self-initiated

contacts per _shift per officer
performance objective . Co

Shift length (hours)
use (1.2.1) .

Number of self-initiated
contacts per hour per officer,
divide: (4.2.4) + (4.2.5) .

Self-initiated perfornance
obj ective for the APA in mnutes
per hour per officer, multiply:

60 X (4.2.3) X (4.2.6) . . ...

Continue with Section 4.4

Oct ober 1993

cC - 15
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4.3 Average Nunber of Mnutes Per Hour Per Officer for self-
Initiated Activities - Historical Experience

4.3.1 Total time (hours) spent on
self-initiated contacts wthin
the APA by all officers on
patrol during the sanple per|od | 16,394.0
(sanme as (4.2.2)) . .

(4.3.1)
4.3.2 Total on-duty hours by officers
on patrol within the apa during
the sanple period used for | 117,100.0 I
(4.3.1) e e e e e e e e
(4.3.2)

4.3.3 Fraction of tine spent on
self-initiated activities within
the APA during the sanple per|od, ‘ 0.14 ‘
divide: (4.3.1) + (4.3.2) . . .

4.3.4 Average nunber of mnutes per
hour per officer to be spent on
self-initiated activities within ‘ 8.40
the apa, multiply: 60 X (4.3.3) .

(4.3.4)
4.4 Proactive Time (Self-Initiated Activities)
M nutes per hour per officer, select 8.40
either (4.1) or (4.2.7) or (4 3.4) .
(4.4)

C - 16
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4.5 Proactive Tine (Comunity-Oriented Policing)

Note :

4.5.1 Average percentage of tine

If the agency does not identify COP
activities separately, enter zero (0)
for Step 4.5.3 and continue with Step 4.6.

per officer to be spent on | 5.0
comuni ty-oriented policing .

4.5.2 Fraction of time per hour

per officer to be spent on

communi ty-oriented policing, ‘ 0.05
divide: (4.5.1) + 100 . :

4.5.3 M nutes per hour per officer

to be spent on community-

oriented policing, nultiply: ‘ 3.0
60 X (4.5.2) . . . . ...

4.6 Proactive Tine (Self-Initiated and Community-Oriented

"

Pol i ci ng)
M nutes per hour per officer, add: 11.40
(4.4) + (4.5.3) e e e e

(4.6)

c - 17

(m,)
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WORKSHEET s: Proactive Tine - Uncommitted Patr ol

Qoj ective: Determine the nunber of officers required within
the APA to provide an adequate level of visibility
and availability.

Met hod: Based on: (1? the patrol interval, and (2) the
probability of immediate response to accidents and
other CFs or the average travel tinme to accidents
and ot her cFs.

s.1 Uncommtted Patrol Visibility

5.1.1 Shift length (hours) 8.0
use (1.2.1) . : Ce

(5.1.1)

5.1.2 Nunber of officers needed per day
for uncommtted patrol on category
1 roadways in the apa

5.1.2.1 Category 1 .
roadway type, Arterial Streets
use (1.2.5.1) .

(5.1.2.1)
5.1.2.2 Ml es of roadway, 75.0
use (1.4.1) . Co
(5.1.2.2)
5.1.2.3 Average patrol speed 24.0
(MPH) , use (1.2.5.2) .
(5.1.2.3)

C - 18
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5.1.2.4 Performance objective
patrol interval (hours), 2.0
use (1.2.5.3) . Co

44}5.1.2.4)

5.1.2.5 Nunber of officers required
per day to neet the patrol
I nterval perfornmance
objective for category
1 roadways in the APa, 4.69
use the tornula bel ow .

(5.1.2.5)
Roadway
24 X M1 es
Nunber of (5.1.2.2)
Oficers =
(5.1.2.5) Aver age Shi ft Perf. O0j .
Patro X Lengt h X Pat r ol
Speed (5.1.1) I nt erval
(5.1.2.3) (5.1.2.4)

5.1.3 Nunber of officers needed per day
for uncommtted patrol on category
2 roadways in the Apa

5.1.3.1 Category 2
roadway type, Col l ector Streets
use (1.2.6.1) .

(5.1.3.1)
5.1.3.2 Ml es of roadway, | 100.0
use (1.4.2) .. . . . .
(5.1.3.2)
5.1.3.3 Average patrol speed | 18.0 |
(MPH), use (1.2.6.2) .
(5.1.3.3)

5.1.3.4 Perfornmance objective
patrol interval (hours), ‘ 8.0 ‘
use (1.2.6.3) . :

(5.1.3.4)

c - 19
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5.1.3.5 Nunber of officers required
per day to nmeet the patrol
i nterval performnce
obj ective for category 2

roadways in the APa, 2.08
use the fornmula below ...

(5.1.3.5)
Roadway
24 X Ml es
Nurrber of : (5.1.3.2)
Oficers =
(5.1.3.5) Aver age Shift Perf. Obj.
Patro X Length X Pat r ol
Speed (5.1.1) I nterval
(5.1.3.3) (5.1.3.4)

5.1.4 Nunber of officers needed per day
for uncommitted patrol on category
3 roadways in the APA

5.1.4.1 Category 3

roadway type, Resi denti al steets
use (1.2.7.1) .

(5.1.4.1)
5.1.4.2 Ml es of roadway, | 267.0
use (1.4.3) . . . .
(5.1.4.2)
5.1.4.3 Average patrol speed I 15.0
(MPH), use (1.2.7.2) ...
(5.1.4.3)

5.1.4.4 Performance objective

patrol interva I 48.0
(hours), use (1.2.7.3) .

(5.1.4.4)

c - 20
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.1.4.5 Nunber of officers required
per day to neet the patrol
I nterval perfornmance
objective tor category 3
roadways in the APA,

within the Apa, use 1.11
use the formula below ...
(5.1.4.5)
Roadway
24 X Ml es
Nunmber of (5.1.4.2)
Oficers = - .
(5.1.4.5) Aver age Shi ft Perf. (bj.
Patro X Lengt h X Pat r ol
Speed (5.1.1) I nterval
(5.1.4.3) (5.1.4.4)

5.1.5 Total nunber of officers
required per day to neet
patrol interval perfornance
objective within the APA, add: 7.88
(5.1.2.5) + (5.1.3.5) + (5.1.4.5) .

OPTION: Conpl ete Section 5.2 qr_the Supolenental Wrksheet in
Appendi x A or complete Sections 5.3 and 5.4.

c - 21
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s.2 Uncommtted Patrol Availability - |Inmediate Response

5.2.1 Nunber of effective shifts per day

5.2.1.1 Shift length (hours), 8.0
use (1.2.1) C e e e
(5.2.1.1)
5.2.1.2 Calcul ate the effective
nunber of shifts per
day based on the fornula 3.0
bel ow C e e e
(5.2.1.2)
Effective Nunber 24
of Shifts Per Day =
(5.2.1.2) Shift Length (hours)
(5.2.1.1)

5.2.2 Adjusted average nunber of on-duty officers for
reactive activities per shift per day

5.2.2.1 Average daily nunber
of on-duty officers (NJ

for reactive activities, 13.56 I (NJ
use (3.3.3) ..

(5.2.2.1)

5.2.2.2 Average daily number
of on-duty officers (N,)
per shift for reactive
activities, divide: 4.52
(5.2.2.1) + (5.2.1.2) . . .

(N,)

(5.2.2.2)
5.2.2.3 Fraction of non-preempt-
abl e ot her cFs, divide: 0.20
(1.3.6) <+ 100 . . . . . . .
(5.2.2.3)

c - 22
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5.2.2.4 Nunber of non-preenptable
other cFs, multiply: 9,056.8
(5.2.2.3) x (1.3.4)

(5.2.2.4)

5.2.2.5 Calculate the fraction
of non-preenptabl e
reactive activities (£,,), 0.24 (£0pr)
use the fornula below . .

(5.2.2.5)
Nunber of
Number of Non- Pr eenpt abl e
Fraction of Acci dent s + O her cFs
Non- Pr eenpt abl e (1.3.2) (5.2.2.4)
Reactive =
Activities Nunmber of Number  of
(fopr) (5.2.2.5) Acci dent s + O her crFs
(1.3.2) (1.3.4)

5.2.2.6 Fraction of non-preenptable
adm nistrative act. (£u) 0.12 (£apa)
divide: (1.3.7) + 100 .

(5.2.2.6)
5.2.2.7 Fraction of non-preenptable
self-initiated/ COP
activities (f,,), divide: 0.20 (£2ps)
(1.3.8) + 100 . . . . . ..
(5.2.2.7)

5.2.2.8Admnistrative time -
m nutes per hour per [ 12.0 (m,)
officer (m,), use (2.3) .

(5.2.2.8)

5.2.2.9 Self-initiated/ COP tine -
m nutes per hour per | 11.40 (my)
of ficer (m), use (4.6) .

(5.2.2.9)

C-23
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K, =
(5.2.2.10)

K, =
(5.2.2.11)

1993

C - 24

5.2.2.10 Cal cul ate K,, use the 0.33 (K,)
formul a bel ow .
(5.2.2.10)
Adnministrative Activities,
M nut es per Hour Per O ficer
m (5.2.2.8)
Admi n. S.I./COP
M nut es M nut es
- Per Hour Per Hour
Per Of., Per Of.,
m (5.2.2.8) m, (5.2.2.9)
5.2.2.11 Calcul ate K,, use the [ 0.31 (K,)
formul a bel ow .
(5.2.2.11)
Self-Initiated Activities,
M nut es per Hour Per O ficer
m (5.2.2.9)
Admi n. S.I./COP
M nut es M nut es
- Per Hour Per Hour
Per Of., Per Of.,
m (5.2.2.8) m (5.2.2.9)
5.2.2.12 Cal cul ate Kk,, add: 0.64 (K,,)
(5.2.2.10) + (5.2.2.11)
(5.2.2.12)



Reactive Act. =
Per Shift Per
(5.2.2.16)
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C =25

5.2.2.13 Calcul ate K,, multiply: 0.04
(5.2.2.6) . (5.2.2.10)
(5.2.2.13)
5.2.2.14 Calculate K,, multiply: (K,,) 0.06
(5.2.2.7) X (5.2.2.11)
(5.2.2.14)
5.2.2.15 Cal cul ate Kk,,, add: 0.10
(5.2.2.13) (5.2.2.14)
(5.2.2.15)
5.2.2.16 Cal cul ate the adjusted average
nunber of officers (N,,)
required for reactive
activities per shift per
day, use the fornula 1.39
bel ow . e
(5.2.2.16)
No.O f
Oficers,
Reactive Act.
Adj usted Average per Shift (N, X + K..)
Nurmber of Officers (5.2.2.2) (5.2.2.5) (5.2.2.15)
Day 1 + )
(5.2.2.15)
Select table in Appendix A
based on K, (5.2.2.15) from Table A-2
from the chart below .....
(5.2.3)
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Use
| f K, (5.2.2.15) Tabl e
Is in the range (5.2.3)
0.0 - .099 A
0.1 - .199 A-2
0.2 - .299 A-3
0.3 - .399 A-4
0.4 =~ .499 A-5
0.5 - .599 A-6
0.6 - .699 A-7
0.7 = .799 A-8
0.8 - .899 A-9
0.9 - .999 A-10
1.0 = 1.099 A-11
1.1 - 1.199 A-12
1.2 - 1.299 A-13

5.2.4 Total nunber of additional

officers required for patrol per

shift

for

percentage of energency accidents

and

5.2.4.1 Performance objective (IR%),

5.2.4

the performance objective

ot her CFs

percentage of energency
accidents and other CFs
activities, inmediate

response (a nunber between

50 and 99) .

.2 Total nunber of on-duty
officers officers (Nyg,)

required per shift to neet

the immedi ate response
performance objective,
use N,, (5.2.2.16), the

table selected for (5.2.3)

and (IR%) (5.2.4.1) .

C - 26

to provide immedi ate response

80.0

(5.2.4.1)

1.90

(5.2.4.2)

(IR%)

(Nirxs)
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5.2.4.3 Calcul ate K,,, subtract: 0.54 (Ka)
(5.2.2.12) = (5.2.2.15)

(5.2.4.3)

5.2.4.4 Calculate the additional
nunber of officers per shift

needed per day to neet
the imediate response
performance objective (IR%), -2.59
use the fornula bel ow .

(5.2.4.4)
Additional No. O Nygs = N, x (1 - 1§, + Ky)
O ficers Needed (5.2.4.2) (5.2.2.2) (5.2.2.5) (5.2.4.3)
Per Shift For =
| medi at e Resp. 1 +
(5.2.4.4) (5.2.4.3)

5.2.4.5 Determne the actual additional
nunber of officers per shift
(N,,) needed per day to
meet the inmmediate response
performance objective (IR%),
select the larger of zero 0.0 (Nyn)
and (5.2.4.4) . .

(5.2.4.5)

5.2.4.6 Nunber of additional

on-duty officers (N)
required per day to neet
the immedi ate response
performance objective
(IR%) , mul tiply:
(5.2.4.5) x (5.2.1.2); —
or enter value from 0.0 (N)
Step (A.8) .

(5.2.4.6)

C - 27
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Continue with Section 5.5.

s.3 Uncommtted Patrol Availability = Travel Time
for Emergency Activities

5.3.1 Average nunmber of on-duty officers for
reactive activities per shift per day

5.3.1.1 Shift length (hours) 8.0
use (1.2.1) . . ce

(5.3.1.1)
5.3.1.2 Calculate the effective
nunber of shifts per
day based on the formul a

3.0
bel ow .
(5.3.1.2)
Ef fective Nunber 24
of Shifts Per Day =
(5.3.1.2)

Shift Length (hours)
(5.3.1.1)

5.3.1.3 Average daily numnber

of on-duty officers (N,
for reactive activities, 13.56 (N,)
use (3.3.3) . . . . . . . .

(5.3.1.3)

5.3.1.4 Average daily nunber
of on-duty officers (N,)
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per shift for reactive
activities, divide: 4.52 (N,)
(5.3.1.3) + (5.3.1.2)

(5.3.1.4)

5.3.2 Maxi num nunber of uncommitted patrol units
for response to energency activities

5.3.2.1 Area (square n1|es) of 36.0
APA . . . . Coe
(5.3.2.1)
5.3.2.2 Average response speed
(MPH) for energency 38.0
activities . .o
(5.3.2.2)

5.3.2.3 Avg. travel tinme (energency
activities) performance 4.50
obj ective (mnutes) :

(5.3.2.3)

5.3.2.4 Maxi mum nunber of additional officers
requi red per shift wthin the Apa to neet
the average travel time perfornmance
objective for emergency activities

5.3.2.4.1 Cal cul ate K, use 0.234 (Ky)
the formul a bel ow .

(5.3.2.4.1)

40
K, =
Response Travel
Speed (MPH) x Tine (min)
(5.3.2.2) (5.3.2.3)
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5.3.2.4.2 Cal cul ate K2,

mul tiply:
(5.3.2.4.1) x 0.055 (Ky2)
(5.3.2.4.1)
(5.3.2.4.2)
5.3.2.4.3 Maxi num nunber of
officers (Ny,u)
required per shift
for rapid response
to emergency act.,
use the fornula 1.97 (Npaxtt)
bel ow . Co
(5.3.2.4.3)
Maxi mum Dai |y
No. of On-Duty
Oficers (Nyy .,
Rapi d Response to = K,? X Ar ea
Emerg. Activities (5.3.2.4.2) (5.3.2.1)

(5.3.2.4.3)

5.3.3 Adjusted nunber of additional officers
required within the APA to neet the
average travel tine performance objective
for enmergency activities

5.3.3.1 Fraction of non-preenptable
ot her CFs, divi de: 0.20
(1.3.6) + 100 . . . . ...

(5.3.3.1)

5.3.3.2 Nunber of non-preenptable
other cFs, nmultiply: 9,056.8
(5.3.3.1) x (1.3.4) . . . .

(5.3.3.2)
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Non- Pr eenpt abl e
Reacti ve
Activities
(£ape) (5.3.3.3)
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5.3.3.3 Calculate the fraction

c - 31

of non-preenptabl e
reactive activities (£,,), 0.24
use the fornmula below . .
(5.3.3.3)
Number of
Nurmber of Non- Pr eenpt abl e
Acci dent's + Qt her CFs
(1.3.2) (5.3.3.2)
Number of Number of
Acci dent's + Qt her CFs
(1.3.2) (1.3.4)
5.3.3.4 Fraction of non-preenptable
admnistrative activities 0.12
divide: (1.3.7) + 100 .
(5.3.3.4)
5.3.3.5 Fraction of non-preenptable
self-initiated/ COP act., | 0.20 I
divide: (1.3.8) + 100 .
(5.3.3.5)
5.3.3.6 Admnistrative tine -
m nutes per hour per | 12.00 l
officer (m), use (2.3) .
(5.3.3.6)
5.3.3.7 Self-initiated/COP tine -
m nutes per hour per | 11.40
officer (m), use (4.6) .
(5.3.3.7)
5.3.3.8 Cal cul ate K,, use the 0.33 1
formul a bel ow .
(5.3.3.8)

(£apr)

(£2pa)

(£pe)

(m,)

(m,)

(K3)



Version M3.0 - Cctober 1993

Adm nistrative Activities,
M nutes per Hour Per Oficer
m (5.3.3.6)

(5.3.3.8) Adm n. S.I./COP
: M nut es M nut es
60 - Per Hour - Per Hour
Per off., Per Of.,
m (5.3.3.6) m (5.3.3.7)
5.3.3.9 Cal cul ate K,, use the 0.31 (K,)
formul a bel ow .
(5.3.3.9)
Self-Initiated Activities,
M nutes per Hour Per Oficer
m (5.3.3.7)
K, =
(5.3.3.9) Adm n. S.I./COP
M nut es M nut es
60 - Per Hour - Per Hour
Per Of., Per Of.,
m (5.3.3.6) m (5.3.3.7)
5.3.3.10 Cal cul ate K, add: 0.64 (K,,)
(5.3.3.8) (5.3.3.9) .
(5.3.3.10)
5.3.3.11 Calculate K, nultiply: 0.04 (K,.)
(5.3.3.4) x (5.3.3.8)
(5.3.3.11)
5.3.3.12 Calculate K,, multiply: 0.06 (Ky,)
(5.3.3.5) x (5.3.3.9)
(5.3.3.12)
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5.3.3.13 Cal cul ate Kk,,, add: 0.10 (Kpea)
(5.3.3.11) + (5.3.3.12) .
(5.3.3.13)
5.3.3.14 Cal cul ate K,,, subtract: . o.540 | (x.)
(5.3.3.10) - (5.3.3.13) .
(5.3.3.14)

5.3.3.15 Calculate the adjusted
nunber of additiona
officers required per shift
to neet the average trave
tinme performance
obj ective, use the -2.55
formul a bel ow .

(5.3.3.15)
Adijusted |\, - N X (1 - L, t Ky
Daily No. of (5.3.2.4.3) (5.3.1.4) (5.3.3.3)(5.3.3.14)

Additional =
Oficers 1 + Ky
(5.3.3.15) (5.3.3.14)

: 5.3.4 Actual nunber of additional officers
required per shift to neet the
travel tinme performance objective for
emergency activities, select

the lLarger of zero (0) and 0.0
and (5.3.3.15) . . . S

(5.3.4)
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5.3.5 Actual nunber of additional officers

(Ng) required per day to neet the
travel time performance objective

for emergency activities, nultiply: 0.00
(5.3.1.2) x (5.3.4) Coe e
(5.3.5)
5.4 Unconmtted Patrol Availability - Travel Tine
for Non-Energency Activities
5.4.1 Shift length (hours) | 8.0
use (1.2.1) .
(5.4.1)
5.4.2 Area (square n1|es) of the | 36.0
APA . . . Coe
(5.4.2)
5.4.3 Average response speed
(MPH) for non-energency 20.0
reactive activities
(5.4.3)
5.4.4 Average travel time (non-
energency activities) performance 30.0
obj ective (mnutes Ce e
(5.4.4)
5.4.5 Nunber of officers required
within the APA to neet the
average travel tine
performance objective for
non- energency activities
5.4.5.1 Cal cul ate K,, use the 0.067
formula below . ... ...
(5.4.5.1)
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Dai |l y
No.of On-Duty
Oficers (Ng)
For Rapi d Response
(Non-Emerg. Act.)
(5.4.5.3)

5.4.5.2 (5.4.5.1) X,(5.4.5.1)y: . 0.004
(5.4.5.2)
5.4.5.3 Nunber of officers
(N.) required per day
for rapid response to
non- emergency activities, (N,) 0.48
use the fornula below ...
(5.4.5.3)
24 X K2 X Area
(5.4.5.2) (5.4.2)

Version M3.0 - Qctober 1993

40
B Response Travel
Speed (MPH) x  Tinme (min)
(5.4.3) (5.4.4)

(Ky?)

Shift Length (hours)

(5.4.1)

5.5 Unconmitted Patrol Availability - Travel Tinme

Nunber of officers (N,) required to
nmeet the travel tine performance

obj ectives for both emergency and
non-emergency activities, select
the _larger of (5.3.5)and (5.4.5.3)...
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5.6 Uncommitted Patrol Availability

Total officers required within

the APA, select either (5.2.4.6)
or (5.5) . .o

5.7 Total

Average nunmber of officers (N,)
required per dag for uncommitted
patrol within the ABA, select the
larger of (5.1.5) and (5.6)

Nunber of Officers Required for Uncommtted Patrol
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WORKSHEET 6: Aver age Daily Nunber of on-Duty Officers

Cbj ective: Determine the average total nunber of officers
requi red per day within the APA.

Met hod: Conbine the total nunber of officers required for
reactive (N,) and patrol activities (N,) with the
per officer time requirenents for self-init-
I at ed/ COP (m,) and admi nistrative 1gx_n_) activities.
Adjust the required nunber of officers based on
the percentage of two-officer patrols and, if
applicable, mnimmdaily patrol staffing |evels,

6.1 Number of On-Duty Officers per Day = All One-Officer Patrols

6.1.1 Administrative tine - mnutes
per hour per officer, ‘ 12.00 ‘ (m3)
use (2.3) S

(6.1.1)

6.1.2 Average nunber of officers
required per day to neet
reactive tinme workl oad, ‘ 13.56 ‘ (N,)
use (3.3.3) . . C e e

(6.1.2)
' 6.1.3 Self-initiated/ COP time -
m nutes per hour per officer, ‘ 11.40 ‘ (m,)
use (4.6)
(6.1.3)

6.1.4 Average nunber of officers
required per day to nmeet patrol 7.88 | (N;)
time requirenments, use (5.7) ...
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6.1.5 Average total nunmber of on-duty
officers required per day for
all patrol activities within the

APA, one officer per unit, 35.16
use the fornula bel ow . .o

(6.1.5)
Average Total Number N, (6.1.2) + N, (6.1.4)
of On-Duty O ficers =
Per Day (6.1.5) 1 m (6.1.1) m (6.1.3)
60 60

6.2 Adjustment for Two-Oficer Patrols

Note : |If two-officer patrols are not used, enter (6.1.5)
in (6.2.4) and continue with Section 6.3.

6.2.1 Percentage of tine patrol

units within the APA are 0.0
staffed with two officers .

(6.2.1)
6.2.2 Fraction of tine patrol
units within the APA are
staffed with two officers, 0.0
divide: (6.2.1) + 100 . .. . ..
(6.2.2)

6.2.3 Adjustnment factor: average

nunber of officers per unit, 1.00
add: 1 + (6.2.2) . ... .. ...
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6.2.4 Average total nunber of on-duty
officers required per day for all
patrol activities, multiply: 35.16
(6.1.5) x (6.2.3) e

(6.2.4)

6.3 Adjustnent for Mninum Patrol Staffing Levels

Note : If mninumpatrol staffing | evels are not used, enter
(6.2.4) into (6.3.2) and continue with Wrksheet 7.

6.3.1 Average m ni mrum nunber of on-dut?/
officers required per day for al
patrol activities, based on (N,,) 15.0
agency policy Ce .

(6.3.1)

6.3.2 Average daily nunber of on-duty
officers required for all patrol
activities (N,), select the ( 35.18\
| arger of (6.2.4) and (6.3.1) ..

(6.3.2)
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WORKSHEET 7: Speci al Assignnents and Field Supervision

(oj ective:

Met hod:

Determ ne (1) the revised nunber of on-duty offic-
ers required per day for officers on special as-
signne%ts and (2) the nunber of field supervisors
required.

The nunber of officers for special assignments is
based on the nunmber of specialists assigned by the
agency and the percentage of tine each spends on
freld patrol activities. The nunber of field
supervisors is based on the span of supervision
(set by agency policy) and the percentage of field
supervisor on-duty time spent on patrol activities.

7.1 Number of Full-Time, On-Duty Oficers Required per Day,
Adjusted for Field Supervisors

7.1.1 Average nunber of officers to

be supervised by each field 6.0
supervisor, use (1.2.3) ... ...

(7.1.1)

7.1.2 Percentage of field supervisor

on-duty tinme spent on patrol
activities (a nunber between 0 25.0
and 100), use (1.2.4)

(7.1.2)
7.1.3 Fraction of field supervisor
on-duty tine spent on patrol
activities, divide: 0.25
(7.1.2) + 100 . . . . . . . . ..
(7.1.3)
7.1.4 Total nunber of on-duty officers
required per day within the
APA (N,) for all patrol 35.16 (NJ
activities, use (6.3.2) .....
(7.1.4)
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7.1.5 Adj ustnent factor (K,
use forrmula bel ow

Oficers Per

(Ky)

(N,,)

Field sup.
Adj ust nent (7.1.1)
Factor (K;) = : : :
(7.1.5) O ficers Per Fraction of Field
Fi el d sup. + Sup. Ti me on
(7.1.1) Patrol (7.1.3)
7.1.6 Adjusted daily number of
full-time, on-duty officers
(N,,) required per “ 33.75
day, use formul a bel ow .
(7.1.6)

Adj ust ed Nunber of
Full-Time, On-Duty

No.of On-Duty

NOTE

O ficers Per Day = K; X O ficers Per Day
(N,) (7.1.6) (N)) (7.1.4)
If no special assignment personnel are to be included, enter

(7.1.6) into (7.2.4) an
speci al assi gnnent

_ per sonnel
w th Section 7.2.

continue with Section 7.3. If
are to be included,

conti nue
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7.2 nunber Of On-Duty Officers Required Per Day, Adjusted for
Speci al Assignnent Personne

7.2.1 Special Assignment 1

Traffic Enf. - Radar

7.2.1.1 Assign, 1 nane .

(7.2.1.1)

7.2.1.2 Average nunber of
on-duty officers per
day on specialized 3.0 4] (N,,)
assignnent 1 . ... ... ’

(7.2.1.2)

7.2.1.3 Percentage of on-duty
time spent on patrol
activities by officers
assigned to special
assignnent 1 (a number 50.0
between 0 and 100)

(7.2.1.3)

7.2.1.4 Percentage of on-duty
time spent on non-patrol
activities by officers
assigned to special
assignnment 1, subtract: 50.0
100 - (7.2.1.3) . . . . .

(7.2.1.4)
7.2.1.5 Fraction of on-duty
time spent on non-patrol
activities by officers
assigned to special
assi gnment 1, di vi de: Ef“) 0.50
(7.2.1.4) + 100 . .. ..
(7.2.1.5)
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7.2.1.6 Adjusted daily nunber

of on-duty officers
assigned to special

assi gnment 1, use 1.44 (N,;)
formul a bel ow .
(7.2.1.6)
Adj ust ed Number Nunber Fraction _
On-Duty O ficers, On- Duty Time On Adj ust nent
Special Assignnent = Oficers x  Non-Patrol x Factor (K)
1 (N,) (7.2.1.6) s.a. 1 Activities (7.1.5)
(Nll) (fll)
(7.2.1.2) (7.2.1.5)
NOTE: |f personnel for a second special assignnent are to be
included, conplete steps (7.2.2.1) through (7.2.2.6). If
not, enter zeros for steps (7.2.2.6) and (7.2.3.6) and
continue with Step 7.2.4.
7.2.2 Special Assignment 2
Crinme Prevention
7.2.2.1 Assign. 2 nane .
(7.2.1.1)
7.2.2.2 Average nunber of
on-duty officers per
day on specialized 2.0 (N,)
assignment 2 . ... ..
(7.2.2.2)
7.2.2.3 Percentage of on-duty
tine spent on patrol
activities by officers
assigned to special
assignment 2 (a number 30.0
between 0 and 100) ....
(7.2.2.3)
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7.2.2.4 Percentage of on-duty
time spent on non-patrol
activities by officers
assigned to special
assi gnment 2, subtract: 70.0
100 - (7.2.2.3) . . .

(7.2.2.4)

7.2.2.5 Fraction of on-duty
time spent on non-patrol
activities by officers
assigned to special
assi gnnent 2,di vi de: 0.70 (£,2)
(7.2.2.4) + 100 .

(7.2.2.5)

7.2.2.6 Adjusted daily nunber
of on-duty officers
assigned to special
assi gnnent 2, use | 1.34 (N,,,)
formula below ... ..

(7.2.2.6)
Adj usted Nunmber Nunmber Fraction
On-Duty Oficers, On-Duty Time On Adj ust nent
Speci al Assi gnnent = Oficers x Non-Patrol x Factor (k)
(N) (7.2.2.6) S.A. 2 Activities (7.1.5)
(N,) (£.2)
(7.2.2.2) (7.2.2.5)
wore- |f personnel for a third special assignnent are to be

included, conplete steps (7.2.3.1) through (7.2.3.6). If
not, enter zero for step (7.2.3.6) and continue with Step
7.2.4.
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7.2.3 Special Assignnent 3

7.2.3.1 Assign. 3 nane .
(7.2.3.1)

7.2.3.2Aver age nunber of
on-duty officers per
day on specialized (Ng) =--
assignnent 3 . ... ...

(7.2.3.2)

7.2.3.3Percentage of on-duty
time spent on patrol
activities by officers
assigned to special
assignnent 3 (a number --.
between 0 and 100) ....

(7.2.3.3)

7.2.3.4Percentage of on-duty
time spent on non-patrol
activities by officers
assigned to special
assi gnment 3, subtract: -———
100 - (7.2.3.3)

(7.2.3.4)

7.2.3.5Fraction of on-duty
time spent on non-patrol
activities by officers
assigned to special
assignnent 3, divide: (£3) =-=--
(7.2.3.4) + 100

(7.2.3.5)

7.2.3.6Adjusted daily nunber
of on-duty officers
assigned to special ,
assi gnnent 3, use -—- (N,3)
formula below .. .. ..

(7.2.3.6)
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Adj usted Number Nunber Fraction _
On-Duty Oficers, On-Duty Time On Adj ust nent
Speci al Assignnent = Oficers x Non-Patrol x  Factor ( K;)
3 (Ng) (7.2.3.6) S.A. 3 Activities (7.1.5)
(N,3) (£,)
(7.2.3.2) (7.2.3.5)

7.2.4 Adjusted total daily nunber of
on-duty officers required per || 36.53 (N,)
day, use fornula below .. .

(7.2.4)
Adj usted Tot al
Nunber of On-Duty
Oficers Per = N, + N, + N, + Ny
Day (N,,) (7.1.6) (7.2.1.6) (7.2.2.6) (7.2.3.6)
(7.2.4)

7.3 Total Nunber of On-Duty Field Supervisors Required Per
Day for the Adjusted Number of On-Duty Officers

7.3.1 Total number of on-duty field
supervi sors (N,) required per day, 6.09 " (N,,)
day, divide: (7.2.4) + (7.1.1)..

(7.3.1)
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WORKSHEET 8: Total Staff Patrol Requirenents

oj ective: Determne total patrol staff needed to support
the required daily on-duty field personnel

Met hod: Use the shift relief factor, daily on-duty patrol
staffing requirements, and the nunber of conmand
positions based on agency policy.

8.1 On-Duty O ficers and Field Supervisors Required per Day

8.1.1 Total number of on-duty
officers per day within 36.53 (N,)
the APA, use (7.2.4) .

8.1.2 Total number of on-duty field
supervisors per day within 6.09 (N,,)
the ApA, use (7.3.1) . . .....

(8.1.2)
8.2 Shift Relief Factor
8.2.1 88ieft(1.2.21)h (thaurs), . . . . . . . 8.0
(8.2.1)

8.2.2 Total hours on one shift
during one year, nultiply: 2,920.0 (H,)
365 x (8.2.1) Co.

(8.2.2)
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8.2.3 Average work week (average
nunber of paid hours per week
per officer), use (1.2.2.1).

8.2.4Aver age nunber of paid hours
of work per year per officer,
use formul a bel ow . :

Average Number of Paid 365

X

40.0

(8.2.3)

2,085.71

(8.2.4)

AWW (8.2.3)

Hours of Wrk per Year =
per Oficer (H)

8.2.5 Average nunber of benefit
(pai d% hours off per year
per officer, use (1.2.2.2).

8.2.6 Average nunber of on-duty
hours on tenporary assignments
- (non-patrol) per officer
per year, use (1.2.2.3) .

8.2.7 Average nunber of on-duty,
hours on patrol per year per
officer, use formula bel ow ..

Aver age Nunber of

On-Duty Hours On = H, - H,
Patrol per Year per (8.2.4) (8.2.5
Oficer (H),)

8.2.8 Shift relief factor
divide: (8.2.2) + (8.2.7)

| 275.2

(8.2.5)

138.7

(8.2.6)

1,671.81

(8.2.7)

1.747

(8.2.8)

(AWW)

(H,)

(Hy)

(Hy)

(H,)

(SRF)
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8.3 Total Number 0Of Required Officers and Field
Supervisors Wthin the apa

8.3.1 Total nunber of patrol officers, ‘ 63.81 ‘ (Nb
mul tiply: (8.1.1) x (8.2.8)

(8.3.1)

8.3.2 Total nunber of field

supervisors, multiply: | 10.63 I (N,)
(8.1.2) x (8.2.8) .

(8.3.2)
8.3.3 Total nunber of officers and
field supervisors, add: 74.44
(8.3.1) + (8.3.2) . . . . . . ..
(8.3.3)

8.4 Nunber of Command Personnel - Agency Policy

Enter the nunber of command staff (N,)
required for the nunber of officers 6.0 (N,)
and field supervisors in (8.3.3) ..

(8.4)
8.5 Total Patrol Staff Requirenment for the apa
8.5.1 Nunber of officers within (N,) 63.81
the apa, use (8.3.1) . . .....
(8.5.1)
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8.5.2 Nunber of field supervisors

wWithin the APA, use (8.3.2) .

8.5.3 Nunber of command persona
within the APA, use (8.4) .

8.5.4 Total required patrol
staff for the Apa, add:

(8.5.1) - (8.5.2) . (8.5.3)

10.63 (NJ
(8.5.2)

k.o (NJ
(8.5.3)
80.44 "(N@J
(8.5.4)




WORKSHEET 9:

(bj ecti ve:

Met hod:

Version M3.0 - Cctober 1993

Amon PAs

Determ ne the appropriate nunber of personnel to
be assigned to each APA based on the estinmated PAM
staffing | evels for each APA.

Based on the nunber of personnel estimated for
each apa, two reallocations of current and new
personnel are determ ned, The wunconstrai ned
allocation redistributes all personnel, both
current and new, anong the APAs in the sane
proportion as the PAM estimtes. The constrained
allocation restricts the allocation to only new
(or reduced) personnel insuring that no APA | oses
staffing when new personnel are added (or that no
APA gains staffing when personnel reductions are
applied).

See Chapter 4 in the Mnual for the instructions for Wrksheet 9.

c - 51
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worksheet for the Allocation of Patrol

Table 4 - 1

Per sonnel

Among Three Shifts Based on PAM Staff Estimates

Total Nunber of Additional (or Reduced) Personnel 6 (TA)
for ALl Shifts (9.1.1) . C e e e
Unconst To Be Constr.
Reallo. | Added Reallo.
PAM Diff. (9.2.3.3)
Current | Staff Col. 1(9.2.3.1) or Col. 1
St af f Est. -col. 3| or | Reduced | Roundedi||+Col. 7
(9.1.3)[(9.1.5)[(9.1.7)(9.2.1) (9.2.4.1(9.2.4.3)(9.2.6)[(9.2.8)
Shift.|col. 1 [Col. 2 [[col. 3 |[Col. 4 |[cCol. 5 [col. 6 |Col. 7 [col. 8
1 24 23.80 23.0 1.0 0.0 0.0 0 24
2 24 29.30 28.4 || -4.4 -4.4 3.8 4 28
3 24 27.44 26.6 | -2.6 -2.6 2.2 2 26
4
5
6
Col. 72 80.54 78.0 | -6.0 -7.0 6.0 6 78
Sum
(9:1.4)|(9.1.6)[(9.1.8)[(9.2.2)(9.2.3.2)(9.2.5)|(9.2.7)|[(9.2.9)
(Tc) (TE) or
(9.2.4.2)
(TN) |
Sum 72 78.0 | -6.0 6.0 6 78
Check
(9.1.2) (9.1.1)[| -1 x (9.1.1)|(9.1.1) [ (9.1.1)
(TC) + (9.1.1) (TA) (TA) +
(9.1.2)| (-Ta) (9.1.2)
(TA+TC) (TA+TC)
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APPENDI X D: Derivations of the M or Formul as Used in PAM

The follow ng nine sections contain derivations of the nmajor
fornmulas used in the PAM nodel and is intended for those users who
wish to examine nmore closely the relationships between the input
data and the calculated results, For sone derivations, famliarity
with al gebraic operations is needed to follow the discussion and
consi derable use is made of notational shortcuts to reduce the
l ength of each section. Since many of the notations are not used
el sewhere in the Manual, definitions are supplied in each section
as new termnology and variables are introduced, Al page,
section, and step nunbers identified in the derivations refer to
| ocations in the Manual
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APPENDI X D.1: Average Nunber of on-buty Officers (N,) Required
Per pav Wthin the APA To Meet the Average Dailv.
Obligated Ti r ki rksheet 3

The formula in Wrksheet 3 that is used to determi ne the average
number of on-duty officers required per day within the APA to neet
the average daily obligated time workload is given by:

Total Average Daily nligated
Time Wrkl oad (3.3.1)

N, (3.3.3)

(D.1.1)
Shift Length (3.3.2)

where obligated tinme refers to the tine required by all patrol
units to respond to and service all cFs and accidents in the APA.
The formula for N, in Wirksheet 3 is based on the assunption that
all patrol units are one-officer units only. An adjustnent for
two-officer units is available in Wrksheet s.

The derivation of formula (D.1.1)is based on the recognition that,
at a mnimum there nust be sufficient reactive patrol resources to
provi de enough on-duty time (i.e., there nust be enough patrol
officers) to respond to and service all reactive (obligated tine)
wor kl oad; that is,

Tot al Tot al
Reactive Patrol = Reacti ve (D.1.2)
Resour ces Wor kl oad

A

The total reactive workload for any period of tinme (days) can be
measured by deternining the total obligated time (TOT) required for
all cFs and accidents during the period. The total reactive patrol
resources for any period of time can be expressed in hours as:

Tot al
Reactive Patrol = N x 8§ x o (D.1.3)
Resour ces
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wher e:
N. - the average nunber of on-duty officers per
day,
8, - shift length in hours, and

D - total nunmber of days in the time period used to
measure the total obligated time workl oad.

Replacing the total reactive patrol resources in (D.1.2) with
(D. 1.3) and replacing the total reactive workload with total
obligated time (TOT) yields:

N x s, x D = TOI (D.1.4)

Solving (D.1.4) for N, gives:

TOT

N, = (D.1.5)
S, x D

The expression TOI/D equals the average daily obligated tine
wor kl oad (apoT); that is,

TOT
ADOT = ——— (D.1.6)

Replacing TOT/D with ADOT in (D.1.5) yields (D.1.1); that is,
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ADOT (3.3.1)
N, (3.3.3) = (D.1.7)
S, (3.3.2)
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APPENDI X D.2: Average Nunber of on-Duty Officers (N,;) Required
Per Day To Meet the Patrol Interval Performance
. = ] T | et =<

i vation of the General la i | |

The patrol interval is a nmeasure of the intensity or |evel of
patrol coverage of a %jven roadway segnent. Patrol interval
measured in hours, can be defined in several ways. One definition
is that the patrol interval represents the average time it wll
take a fixed nunber of patrol units to drive over everg r oadway
mle in the jurisdiction. An alternative but equivalent definition
is that the patrol interval indicates the average tinme a stranded
motorist will have to wait for an officer, on uncommtted patrol
to drive by

| nportant assunptions associated with the patrol interval are that:

e Uncommitted patrol activity occurs randomy over all
roadways of the sane type; that is, all roadways w thin
each type are treated equally, and

e Uncommitted patrol activity only occurs when a patrol
unit is not occupied with adm nistrative, reactive, or
self-initiated duties.

Both assunptions are inportant and liniting. The assunption that
all roadways are patrolled equally is usually not the case because
of the greater inportance of some roadways than others due to
traffic volume and acci dent experience. Basing the patrol interval
on "uncommitted" or "free" patrol tinme ignores the fact that
stranded notorists may be observed and reported by units while
engaged i n other activities.

Cal cul ation of the patrol interval depends on the nunber of roadway
nmles, the nunber of patrol units, the average patrol speed, and
the amount of time spent on unconmitted patrol. The fornula for
determning the patrol interval is given by:

Pl = (D.2.1)
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wher e
Pl - patrol interval (hours),
HM - total nunber of roadway mles,
N = total nunber of patrol units on duty,
P8 - average patrol speed (MPH), and

fq fraction of tine spent on uncommtted tinme.

Formul a (D.2.1) can be derived by using the definition that the
patrol interval represents the average anount of time that it wll
take a fixed nunber of patrol units to cover the entire roadway
system This definition can also be stated in the formof a
question: If it is known how many mles all units drive collective-
l'y in one hour while on uncommtted patrol, how many hours will it
take to cover the entire roadway s%sten? The question inplies that
the total roadway mles (HM) and the average mles driven per hour
E?f?) by all units are known and are related to the patrol Interval
as:

HM = AHM x Pl (D.2.2)

Rearranging the terms in (D.2.2) yields:

HM
Pl = — (D.2.3)
AHM

The average nunber of roadway mles driven per hour (aHM) by all
units can be expressed as:

AHM

AM x N (D.2.4)
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wher e:

N - total nunber of units on duty, and

AM - average mles driven per hour per unit.
Replacing AHM in (D.2.3) Wth (D.2.4) yields:

HM

Pl = (D.2.5)
AM x N

The average mles driven per hour by each unit (AM can be ex-
pressed as:

AM = Ps x f, (D.2.6)

where AM P8, and £, are defined above. Replacing aM in (D.2.5)
with (p.2.6) yields formula (p.2.1). For conputational purposes,

however, it is advantageous to express the fraction of tine spent
on uncommitted tine as:

m,

f, = - (D.2.7)
60

where m, represents the average nunber of mnutes per hour spent on
uncommtted tinme by each unit. Dividing m, by 60 yields the

fraction of time spent on uncommtted tine. Replacing £, in
(D.2.6) With (D.2.7) yi el ds:

AM = PS x

(D.2.8)
60
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Feplacing AMin (D.2.5) with (D.2.8) yields the final expression
or PI:

Pl = (D.2.9)

Derivation of the Number of Officers (N,;) Required to Meet the
Patrol tnterval Performance bjective

To determ ne how many officers are needed to achieve a particul ar
patrol interval performance objective for a particular roadway type
requires solving (p.2.9) for N; i.e.,

HM
N = (D.2.10)
m,
PS X — x Pl
60

To obtain the m ni num nunber of units, let m, = 60 which reduces
(D.2.10) to:

N = (D.2.11)
PS X Pl ‘

Formul a (D.2.11) i ndi cates the m ni mum nunber of patrol units that
woul d be needed to nmeet the patrol interval objective.

Formula (D.2.11) i s based on the assunption that the roadway system
is patrolled 24 hours a day everyday (i.e., 168 hours per week).

To account for reduced coverage Xi.e., for coverage that is |ess
than 168 hours per week), nultiply formula (D.2.11) by wc/168;

that is,
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N = X — (D.2.12)
PsS x Pl 168

where WC represents the total hours of coverage per week.

To determne the nunber of on-duty officers that will be required
per day (N,;) , use the relationship

24
Nei = N x —— (D.2.13)
5,
wher e
N - nunber of patrol units given in (D.2.12), and

8, - shift length in hours.

Substituting (p.2.12) for Nin (D.2.13) and sinplifying yields:

HM x WC

g = (D.2.14)
o 7 x PS x § x Pl

which is the fornula used in Section 5.1 to determ ne the nunber of
officers required to neet patrol interval perfornmance objectives
for a particular roadway type.
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APPENDI X D.3: Total Nunber of Officers (N;) Required Per Day
Wthin the aPA To Provide | medi ate Response To
the Performance Cbjective Percentage of CFs,
Accidents, Adm nistrative, and Self-Initiated
Activities (Section 5.2)

| ntroduction

I n the PAM nodel, the appearance and servicing of CFs, accidents,
adm nistrative, and self-initiated activities are treated as a
sinple multiserver queuing process. These activities are assuned
to occur randomy (i.e., as a Poisson process) and the service
times required to conplete these activities are assuned to be
I ndependent and exponentially distributed.

The term "exponentially-distributed service times" describes the
particular mathematical distribution or fornmula that is used to
descri be the nature of the service tines (e.g., what woul d the
hi stogram of a sanple of service tines |ook |like). A keY Eroperty
of exponentially-distributed service times is that the |ikell hood
(or probability) of service tine ¢,will be less than the |ikelihood
(or probability) of service tine t,if t, > t,. This property
inplies that the i1ndividual bars in the histogramof sanple service
tines will be smaller for |onger service times. Field experience
indicates that exponentially-distributed service tines are
appropriate for describing many operations; for exanple, the
| engths of telephone calls, the tines required to conplete
transactions with bank tellers, the times required to checkout at
grocery stores, and the average service tinmes associated wth
I spat ched cCFs.

In a standard, steady-state queuing formulation wth these
assunptions and a fixed nunber of servers (i.e., a fixed nunber of

patrol officers), the average number of busy officers at any given
tinme (N,) is given by:

Nh = OCR x ST (D.3.1)

where CR represents the nunber of activities per hour and ST rep-
resents the average service time in hours.

D - 10
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The likelihood or probability that all of the officers will be bus%/
(P,) When the next activity occurs is called the "probability o
saturation" and is given by Erlang’s fornmula found in many
introductory texts on queuing theory:

NNt
Psy = X P, (D.3.2)
N! x (1 - Ny/N)

wher e Nﬁrepresents the total number of officers in the area and the
term Nt represents N, raised to the N, th power, and

-1
N-1 Nk NN
P, = T — 4 (D.3.3)
k=0 k! N! x (1 - N/N,)

Note that unless N, equals or exceeds N,, there will not be enou?h
officers to handle the workload and the systemw || be continuously
"saturated;" that is, the queue (or stack) will grow larger and
| ar ger. Readers who w sh to exam ne the derivation of these
fornulas are referred to any standard text on queueing theory or
operations research such as Introduction to QOperations Research by
H I lier and Lieberman (Hol den-Day, Inc., 1967).

The likelihood or probability that at |east one officer will be
avai |l abl e (P,.4) When the next activity occurs is given by:

Pavail = 1 = Py (D.3.4)

This derivation is presented in two parts. In the next section
t he general nethodology for determ ning how many officers are
needed to nmeet the inmedi ate response performance objective when no
activities are preenptable is presented. The follow ng section
expands the nethodol ogy to include the use of both preenptable and
non- preenptable activities.

D-11
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No Preenptable Activities

The total nunber of officers (N,) available for reactive, admnis-
trative, and self-initiated activities consists of the total nunber
of on-duty officers for reactive activities (N,), adm nistrative
activities (N,), self-initiated activities (N,), and uncomm tted
patrol (N,); i.e.,

Nt = N, + N + N + N (D.3.5)

The nunber of on-duty officers required for adm nistrative and
self-initiated activities per day can be expressed as a function of
t he nunber of on-duty officers required per day for reactive
activities (NJ, the number of on-duty officers required per day for
uncomm tted patrol activities (NJ, the average nunber of minutes
of admnistrative time per hour per officer (m,), and the average
nunber of mnutes per hour per officer spent on self-initiated
activities (m). In the PAM nodel, the nunber of officers assigned
to each category: administrative, reactive, self-initiated, and
uncomm tted patrol is proportional to the time spend per hour on
each activity; i.e.,

Ny m, N, m,
v e0 ! N eo
(D.3.6)
Ny m, N m,
N ) 60 N ) 60

"wher e:

m, - aerage NUMDEr of mnutes spend per hour per
officer on reactive activities,

m, - average nunber of m nutes spend per hour per
officer on uncommtted patrol activities,

and

D- 12
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60 = m + m + m + m,

Rearranging the terms in (D.3.6) yields:

NN NN N
m, m, m, m, 60
Noting that the followng is true:
Nr + Np _ N
mo,om 60
and conbining (D.3.8) and (D.3.9) yi el ds:
Ny N, N . N
m, m, m + m
Using (D.3.7) to replace m + m, Wth 60 - m - m,
yi el ds:
Na Na Nr
4 m, B m, B 60 -~ m,

Using (D.3.11) to solve for N, and N, yi el ds:

Ny = K, x (N, + N,)
and

D-13
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N, = K x (N + N (D.3.13)

where K, and K, equal :

m,
Ky = (D.3.14)
60 - m, - m,
and
ms
K = (D.3.15)
60 - m, - m,

Replacing N, and N, in (D.3.5) with (p.3.12) and (D.3.13) and
rearrangi ng y| el ds:

Ny = N + K, x (N, + N) + K, x (N, + N) + N, (D.3.16)

The right side of fornmula (D.3.16) consists of four terns. The
first three ternms: N, K, x (N, + N,), and K, x (N + N) represent
the officers that are busy on react|ve admi nistrative, and
self-initiated activities: 1.e.,

N, = N + K, x (N, + N) , K, x (N, + N) (D.3.17)

L]

where N, represents the officers on reactive activities, g x (N
+ Np) represents the officers on adninistrative activities, and
K, x(N + N,) represents the officers on self-initiated activities.
The onIy officers represented in formula in (D.3.16) that are not
busy are represented by N.. |f no on-duty officers are provided
for unconmtted patrol activities (i.e, if N, =0),then N, = N, +
(K, x N) + (K, x N) and all officers in the field wil be busy
This is the m _ni mum nunber of officers required to handle these
activities. Hence, by definition, if only N, + (K, xN,) + (K, x N,)

D - 14
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officers are available, every officer will be busy for 60 minutes
an hour (i.e., P, =1 and P, = 0).

As officers are added for uncommtted patrol activities (i.e., as
N, becomes greater than zero), N, increases and the hourly reactive,
admnistrative, and self-initiated workload for each officer

becormes | ess than 6o minutes per hour. As this happens, P,
decreases and P, increases. As nore officers are added, P,y
increases until it equals or exceeds the inmedi ate response

performance objective expressed as a probability (Py;); that is, N,
I's increased until

Pal 2 P (D.3.18)
wher e
PIR%
100

and PIR% represents the immedi ate response performance objective
expressed as percent entered by the user in Section 5.2.

Preenptabl e Activities

The total nunber of officers (N,) available for reactive, adm nis-
trative, and self-initiated activities consists of the total nunber
of on-duty officers for reactive activities (N), adm nistrative
activities (N,), self-initiated activities (N,), uncommtted patro
(NJ; i.e.,

Ny = N + N, + N+ N, (D.3.19)

Ll

|f reactive, administrative, and self-initiated activities are
preenptable, (D.3.19) can be rewitten as:

Nt = for x N+ (1-f,) x N+ for X N, +

(l-fnpa) Xx N, + fnps X N, + (l"fnps) X N, + Np (D.3.20)

D - 15
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wher e:
f ape - fraction of reactive activities that are not
pr eenpt abl e,
f npa - fraction of administrative activities that are
not preenptable, and
' mps - fraction of self-initiated activities that are

not preenptabl e.

Substituting (p.3.12) and (p.3.13) for N, and N, in (D.3.20) and
rearranging vyields:

N = f, x N ., £, xK x(N + N) + £, x K, x (N, + N)) +
(-f,) x N, . (I-f,,) x K x (N, + N)) +

(1-f,,) x K, x (N, + N)) + N, (D.3.21)

Expression (D.3.21) can be rewitten as:

N = fo x N . K, x (N, + N) + K, x (N + N) +
(1-£f,) x N + K x (N, + N) - K, x (N, + N) +

K, x (N, + N) - K, x (N +N) + N, (D.3.22)

wher e:

Ko = fur XK and K, = fuu XK.

Expression (D.3.22) can be further sinplified as:

Nl = fnpr X Nr + Knsa X (Nr + Np) + (l-fnpr) X Nr +
K, x (N, + N) - K, x (N, + N) + N, (D.3.23)
wher e:

Ke = K, + K, and K = K, + K,.

D - 16
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The first two terns on the right side of the equal sign in (D.3.23)
represent the officers that are busy (w,) on non-preenptable
reactive, admnistrative, and sel f-initiated activities; i.e.,

N, = fnerNr + K x (N, + N (D.3.24)

The last four terms on the right side of the equal sign are the
officers that are available or free (N, either because they are on
uncommi tted patrol or on a preenptable activitie;i.e.

Ny = (1-f,,) X N, + K, x (N, + N) = K, x (N, . N) , N,

(D.3.25)

PAM Methodology

Because of the conplexity of fornmulas (D.3.2) and (D.3.3), it is
not possible to derive a closed expression for N, based on N, K,
K., and P, . To overcone this difficulty, the PAM manual uses a
tabl e | ook-up procedure. Appendi x A in the Manual contains a
series of tables for determning the total nunber of officers (N
that nmust be available to satisfy the inmediate response perfor-
mance obj ective. Each table is based on a specific K, val ue.
Wthin the table, N, (the average nunber of on-duty officers for
reactive activities per shift) and PIR% values are used to find
the appropriate N, value. In Section 5.2, the procedure is based
on two simplfying assunptions: (1) that staffing is uniform over
all shifts, and (2) that the sane i nmedi ate response performance
objective I's used for each shift. The steps in the procedure are
outlined bel ow

Step 1. Determne the average nunmber of on-duty offi-
cers for reactive activities per shift (N,) in
! steps (5.2.1.1) through (5.2.2.2).

Step 2. Determne an adjusted number of on-duty offi-
cers (N,) for reactive activities in steps
(5.2.2.3) through (5.2.2.16). The adjusted

nunber of officers is determ ned based with the
formul a:

D - 17
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N, x (f,,p, + K,,)
N, = (D.3.26)

1 + K,

Formul a (D.3.26) i s based on the observation
that the nunber of busy officers given in
(D.3.24) is a function of three variables: Ng,
K., and £,,. To use the table |ookup proce-
dure, however, only the nunber of officers (N,)
and the K, value are needed. To elininate the
f apr variable, an adj usted number of officers is
used. The formula for the adjusted nunber is

obt ai ned bK finding the value of N, that
satisfies the relationship
an+Knux(an+Np)= fnerNrs+ Knux(Nm+Np)
(D.3.27)

Step 3. 'Use K, to select the appropriate table. (Step
5.2.3)

Step 4. Select an immediate response performance objec-
tive percent (PIR%). (Step 5.2.4.1).

Step 5. Use N, and PIR¥ in the table selected to
determne the total nunber of officers that are
needed to neet the immediate response perfor-
mance objective (Ny).

Step 6. The actual nunber of officers needed to neet
the inmedi ate response performance objective
(Ng) will less than N, If sone officers are
aval l abl e on preenptable activities. To deter-
mne N, , the total nunber of available officers
given'7r1(0.3.25) is set equal to N. The N,

termin the equation equals Ny and is given by:

Ne = N x (1 = £, + Ky)

Ny = (D.3.28)
1 + K,

|f the value for Ng is less than zero, this
indicates that there are enough officers avail-
able on preenptable activities to neet the
i mredi ate response perfornmance objective.

D - 18
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Step 7. The total nunber of on-duty officers for the
i nmedi ate response requirenent is obtained by
mul tiplyi n%the average nunber required per
shift by the effective nunber of shifts per

day,

If either of the two sinplifying assunptions used in Section 5.2
are not valid, the user can use the supplenmental worksheet in
Appendix A in the Manual to estimate Ng . The worksheet uses the
procedure described above for each shift. The nunber of officers
required is determ ned separately for each shift and the results
are added together to obtain the total daily on-duty requirenent

The values in tables Al through a-13 were determ ned using
1|‘or_rru| as (D.3.2), (D.3.3), (D.3.4), and (p.3.16) with the follow ng
0gi C:

e For a range of values (0.10 - 20.00) for the average
nunber of on-duty officers for reactive, admnistra-
tive, and self-initiated activities on each shift (Ng)
and a range of values (0.05 - 1.25) for K,,, calculate
P.a values for integer values of N, beginning with the
smal | est val ue of N, such that N, > N,.

e For each value of N, determne the nunmber of officers
avai |l abl e (N;) based on (D.3.25); i.e.,

N = (1 +K,) xN,
N, = (D.3.29)

(1 + Ku)

Increase N, until P,g 2 .995.

e Estimate N; for specific values of N,, P,a, and K, by

" interpolating between the calculated values for N, and P,
for specific values for K,. Each value of Kk, represents
a separate table in Appendix AL Wthin each table, each
estimated value for N, corresponds to specific values for
N, and P,.;-

D -19
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APPENDI X D.4: Average Nunber of on-bDuty O ficers (N, ) Required
Wthin the apa To Meet the Average Travel Tine
Perf ormance objective for Energency and Non-
Emergency CFS (Sections 5.3 and 5.4)

Travel Tines for Non- Energency CFS

In Section 5.4, the average nunmber of on-duty officers required per
day to nmeet the travel tine performance objective for non-energency
activities is given by:

2
40 A x W
Neg = X (D.4.1)
PTT x RS 7 X S
wher e
N - average nunber of officers required to neet
the travel time performance objective for non-
emergency activities,
A - area (square mles) of the aPa,
WC - coverage (hours) per week,
NS - nunber of shifts per day,
PTT - average travel time (mnutes) perfornmance
obj ecti ve,
RS - average response speed (MPH), and
8, - shift length (hours),

Formul a (D.4.1) i s based on the "square root law" which can be
used to estimate the average travel distance (p) for a responding
police unit in an area of size A with N available units. The
generic fornula is given by:
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v a
D = K x —m 8 — (D.4.2)
v N
wher e
D - average distance (m/les),
K - a constant based on the geography of the area,

A - the areaof the region (square mles), and

N - the nunber of police units available.

Using the time (T), speed (8), and distance (D) relationship from
basi ¢ physics; i.e.,

T = (D.4.3)

and replacing Din (D.4.3) with (D.4.2) yields:

K x VA
T - (D.4.4)
S x VN

Under certain conditions, Larson (Urban Police Patrol Analysis, MT
Press, 1972) found that a value of 2/3 for the constant in (D.4.2)
?ives good results. (Key conditions are relatively | ow workl oad
evels, uniformty of workl oad over the area, and approxi mately
equal travel tines in all directions.) Putting 2/3in for K in

formula (D.4.4) and nultiplying by 60 to change travel tinme to
m nutes vyields:

60 x 2 x VA
T = (D.4.5)
3 x S x VN
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Sinmplifying expression (D.4.5) yields:

40 x vV A
T = (D.4.6)
S x VN

Solving formula (D.4.6) for Nyields:

40
N = x A (D.4.7)

Repl acing speed (8) with the average response speed (Rs) and tine
(y)lgdtt1 the average travel tine performance objective (PTT)
yi el ds:

2
40 -l
N = x A (D.4.8)
PTT x RS |

whi ch indicates the nunber of patrol units required to neet the
non-energency travel time performance objective.

Fornmula (D.4.8) is based on the assunption that the area is
patroled 24 hours a day, 7 days a week (i.e., 168 hours per week).
To account for reduced coverage (i.e., less than 168 hours per
week), (D.4.8) can by multiplied by wc/ies; that is,

2
40 |

x A x — (D.4.9)
PTT X RS | 168

where WC represents the total hours of coverage per week.
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Since each patrol unit represents one officer, the total number of
of ficers needed per day for area patrol is given by:

24

(D.4.10)

where N is the nunber of units calculated in (D.4.9) and 8, is the
shift length in hours. Replacing Nin (D.4.10) with (D.4.9) and
sinplifying yields:

40 A x WC
Ny = X (D.4.11)
PTT x RS 7 xS

which is the formula given in (D.4.1). In Section 5.3, coverage is
assunmed to be 168 hours per week (i.e., WC = 168). Using this
value in (D.4.11) yi el ds:

40 24 x A
(V" = X (D.4.12)
PTT X RS J.

Travel Tines for Emergency CFS

The discussi on above for non-energency CFS assunes that officers on
reactive, administrative, and self-initiated activities cannot be
reassigned until the activity is conplete. For travel tines to
energency activities, the PAMpermts the user to indicate what
fraction of reactive, admnistrative, and self-initiated activities
can be preenpted. O ficers on preenptable activities become part
of the pool of officers who are available for energency CFs.

Section 5.3 is used to determ ne the nunber of additional officers

on unconmitted patrol (N,) to satisfy the energency activity travel
time requirement.
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The total nunber of officers (NJ available for reactive admnis-

trative, and self-initiated activities consists of the total number

of on-duty officers for reactive activities (N,), adm ni strative

?}C‘t)IVI_tIeS (N,), self-initiated activities (NJ, uncommitted patrol
p)i i€,

N = N, + N, + N+ N, (D.4.13)

If reactive, admnistrative, and self-initiated activities are
preenptable, (p.4.13) can be rewitten as:

N = f, x N + (1-f,) x N, + £, x N, +
(I-f,) xN + £, x N+ (|_f) xN + N, (D.4.14)
wher e:
f apr - fraction of reactive activities that are not
preenpt abl e,
f npa - fraction of administrative activities that are
not preenptable, and
f npe - fraction of self-initiated activities that are

not preenptabl e.

Substituting (b.3.12) and (D.3.13) for N, and N, in (D.4.14) and
rearranging vyields:

N = fnPrXNr"' fnpr XK. X(Nr+ N’P)-i-f“l’s XK’X(Nr"'N) +

(1-fnpr) x N . (l-fnpl) X K, X(Nr + Np) +

(1-f,) x K, x (N, + N) + N, (D.4.15)

Expression (D.4.15) can be rewitten as:
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N = fgo x N K, x (N, + N) + K, x (N, + N) +
(1-f,) x N+ K, x(N, + N) - K, x (N + N) +

K, x(N, + N) - K, x (N, + N) + N, (D.4.16)

wher e:

Ko = four XK, and K, = £, x K.

nps

Expression (D.4.16) can be further sinplified as:

N = for X N, K x (N 4 N) + (1-f,) x N+
K, X(N, + N) - K, x (N, + N) + N, (D.4.17)
wher e:

Kn = Kn + Ks and Knu = Km + Kns'

The first two ternms on the right side of the equal sign in (D.4.17)
represent the officers that are busy (N,) on non-preenptable
reactive, admnistrative, and self-initiated activities; i.e.

Ny = for X N o Ky X (N, + N | (D.4.18)

The last four ternms on the right side of the equal sign are the
officers that are available or free (N either because they are on
uncomm tted patrol or on a preenptable activitie; i.e.

Nf =" (f) X Nr + Kn X (Nr + Np) = Knu X (Nr + Np) + Np

(D.4.19)
The PAM procedure for determning the nunber of additional officers
on uncommtted tine that are needed to neet the travel tine

performance objective for energency activities is based on the
foll ow ng steps.
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Step 1.

Step 2.

Step 3.

Using (D.4.9), determne the total nunber of offi-
cers required (N) to neet the travel tinme require-
ment .

Set N equal to the total nunber of available offi-
cers given by (p.4.19). Determine the additional
nunber of officers (N,) needed by solving by Np and
setting Ny = N,; |.€.,

N - NI’ X (1 - fllpl’ + Kdn)
N, = (D.4.20)
1 + K,

Miltiply N, by the number of effective shifts per
day to obtain the total nunber of additional off i-
cers needed to neet the travel time requirenent.
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APPENDI X D.5: Average Total Nunber of on-puty Officers (N)
BT Dav T u | 1 CEr
W t hi PA 6.1

| ntroduction

The basic formula in the PAM nodel, used to derive the average
daily nunber of on-duty officers, is given by:

N+ N,

N = (D.5.1)

wher e

Z
!

the average nunber of on-duty officers per day
(i.e., per 24-hour period),

the average nunmber of on-duty officers required
per day for reactive activities,

the average nunber of on-duty officers required
per day for unconmitted patrol activities,

z Z
]

average number of mnutes spend per hour per
officer on admnistrative activities, and

average number of minutes spend per hour per
officer on self-initiated activities.

B
!

Four Workl oad Conponent s
Derivation of fornula (D.5.1) is based on the assunption that the

average total nunber of on-duty officers required per day (N)
consi sts of four conmponents; that is,
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N = N + N + N+ N (D.5.2)
where N, N,, and N, are defined above and

N, - the average number of on-duty officers required per
day for self-initiated activities, and

N, - the average number of on-duty officers required per
day for admnistrative activities.

Mich of the PAM nodel is devoted to determ ning each of the four
components identified above. The procedure for each conponent is
presented bel ow.

Reactive and unconmmtted patrol activities. |In the PAM nodel,
t he nunber of on-duty officers required per day for reactive
activities (N,) depends on two variables: (1) the total obligated
time per day and (2) the shift |ength of the agency. Nel t her
measure i s dependent upon the total nunber of officers (N) that are
present. The nunber of on-duty officers required per day for
uncomm tted patrol activities (N,) is based on the "availability"
of officers for reactive, admnistrative, and self-initiated
activities and officer **visibility@ for deterrence. The PAM nodel
offers several options for determning N,. Regardless of which
option is used, none are dependent of the total nunber of on-dut?/
officers (N). Hence, for both reactive and uncomitted patro
activities, all of the workload neasures used to estimate N, and N,
are independent of the total nunber of officers on patrol. As a
result, values for N, and N, can be obtained using historical data
regardl ess of the staffing levels of the agency in the past.

Self-initiated and adm nistrative activities. 1In contrast to
the procedures used to determne N, and N, the workl oad neasures
used to determine N, and N, in the PAM model’ are not independent of
t he nunber of on-duty officers (N) that are present. For nost |aw
enforcenent agencies the anmpbunt of work that is recorded for
admnistrative and self-initiated activities is, in fact, directly
related to how many officers are on-duty. The validity of this
assertion is based on the follow ng observations:

e FEvery officer has activity time that does not fall
into the reactive, self-initiated, or unconmitted
patrol category. Collectively referred to as adm nis-
tration, the amount of tine is usually independent of
how many officers are on patrol. As a result, the
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total admnistrative tine for an agency is not fixed,
but increases or decreases as the nunber of officers
changes.

The total time spent on self-initiated activities is
usual ly highly correlated to the nunber of officers in the
field; that is, as the nunber of officers increases, the
amount of self-initiated work increases. This occurs
because the fraction of self-initiated work that is
actually performed with existin? patrol resources usual
represents only a snmall racti on of the tota
self-initiated work possible. As a result, regardless of
how nmany additional officers are placed on patrol, there is
always nore self-initiated work to be done than can
actually be acconplished.

Determination of N, and N,

The dependency of N, and N, upon the average total nunber of on-duty
officers per day (N) can be expressed as:

N = f, x N (D.5.3)
and
N, = f, x N (D.5.4)
wher e:

fg - fraction of tinme spend on self-initiated
activities, and

fa - fraction of time spend on adm nistrative
activities.

Inserting expressions (D.5.3) and (D.5.4) into (D.5.2) above

yi el ds:

N

N o+ N+ (£ x N) + (£ x N) (D.5.5)
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Solving (D.5.5) for N yields:

N = (D.5.6)

The fractions £, and £, can be expressed as:

m,
f, = — (D.5.7)
60
and
m,
f, =  —— (D.5.8)
60

where m, and m, are defined above. Placing expressions (p.5.7) and
(D.5.8) into formula (p.5.5) yields the basic PAM fornul a:

N, + N,
N = (D.5.9)
m, m,
1 - -
60 60
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APPENDI X p.6: Average Total Nunber of OOn-Duty Ofjcers (N)
. I | ] I A || Thin
the apA, Adjusted for One and Two O ficer Units

(Section 6.2)

Determ nation of the total nunber of on-duty officers required per
day (N,) i s based on:

o« the average total nunber of patrol units needed per day
(N) , and

e the percent of patrol units that are staffed with two
of ficers (P2T%).

The average total nunber of patrol units needed per day (N) is
equal to the average total nunber of on-duty officers needed each
day if every patrol unit is staffed with only one officer. The
nunber of on-duty officers required per day is calculated in
Section 6.1 of the PAM nmanual . (The derivation for the fornula
used in Section 6.11s given in Section D.5 above.)

The percent of patrol units that are staffed with two officers
(P2T%) i s specificed by the PAM user. Based on P2T%, define

P2T%
fo= @ — (D.6.1)
100

where f represents the fraction of units staffed with two officers.
Using N and £, | et

N, = f x N (D.6.2)

where N, represents the nunber of patrol units per day that are
staffed with two officers. |f N, represents the nunber of patro
units per day that are staffed with one officer, then
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N = N ., N (D.6.3)

Nl = N - N2
Nl = N - (f X N)
N, = (1-f) x N (D.6.4)

The total nunber of on-duty officers is given by

N, = 1xN + 2 xN, (D.6.5)

Replacing N, with (D.6.4) and N, with (p.6.2) in (D.6.5) and
rearranging vyields:

N, 1x (1 -f)xN + 2 x (f xN)

N

(L + £) x N (D.6.6)

Forrmul a (D.6.6) i s used in Section 6.2.
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Appendi X D.7: Aver a - ' Ntl_and
On-Duty Field Supervisors (N '
Patr ol Activities Wthin the APA, Adjusted for t he
Supervisors
Assignment Personnel (Wrksheet 7)

| ntroduction

The adj usted nunber of on-duty officers required per day (N,) is
based on the formula:

No,=fo[N°+N,le,,+N,2xf,2+ N,3xf,3] (D.7.1)
wher e
S
K = ,
s + £
and
N, -

t he unadjusted nunber of on-du2¥ of ficers
required per day determned in Section 6.1;
s = the average span of control for field
supervisors (i.e., the average nunber of
of ficers supervisedby each field supervisor
specified by the PAM user in Wrksheet 1;

-
L

the fraction of supervisor on-duty time
spent on patrol activities (i.e., non-super
visory activities);

- the fraction of on-duty tine officers as
signed to special units spend on non-patrol
activities; and

fsll fszl fss

N,, N,, Ng the nunber of officers assigned to specia
assignments 1, 2, and 3 specified by the PAM

user.
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The nunber of on-duty field supervisors required (N,) iS given by:

N, = — (D.7.2)

Derivation of the Formula for the Adjusted Nunber of on-Duty
icers (N,)

If the percent of field supervisor on-duty tine (Fg) spent on
patrol activities is known, the fraction (£) can be determ ned as:

foos — (D.7.3)

The percent ¥, is specified by the PAM user in Wrksheet 1.

I f the Cloercents_ of on-duty time (84, 842, and 8g;) that officers
assigned to special assignments 1, 2, and 3 respectively spend on
patrol activities are known, the fractions (£,, £,, and £5) can be
determ ned as:

100 - S%l
faI = ’
100
' 100 - S%z
fog = , and
100
100 - 3%3
fg = .
100
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The percents 8g,, 84,, and 843 are supplied by the PAM user in
Wor ksheet 7.

The derivation of fornula (D.7.1) depends on the observation that
regardl ess of the values for s Fg, N, N,, Ng, 84, 8g;, aNd 8g3
provi ded by the user, the total numpber of "full-time equival ent”
on-duty officers required per day after adjusting for the presence
of field supervisors and officers assigned to special units nust
equal the nunmber of unadjusted on-duty officers required per day
(N,) determ ned in Wrksheet 6; that is:

I\k) = N‘ﬁ + f XN“ + gal X Nsl + gp X N,z + Gy X N33

(D.7.7)

wher e

N.a - the adjusted nunmber of on-duty officers not
assigned to a special unit;

f x N, = the full-tine equivalent nunber of officers
for patrol that will be provided by the
presence of the N, field supervisors;

gar 92, 93 - the fraction of on-duty tine officers
assigned to special units 1, 2, and 3
respectively spend on patrol activities;

gy X N, - the full-tine equival ent nunber of officers
for patrol that will be provided by the
presence of the N, officers assigned to
speci al assignnent 1;

g, X N, - the full-tine equival ent nunber of officers
for patrol that will be provided by the
presence of the N, officers assigned to
speci al assignnent 2; and

ds X Ng - the full-time equival ent nunber of officers
for patrol that will be provided by the

presence of the Ny officers assigned to
speci al assignnent 3.

Replacing N, in (D.7.7) with fornula (D.7.2) yields:
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Net
N, = Ng f x + 91 X Ny + g5 X Ny + g3 X Ng
S
(D.7.8)
The term N, can be expressed as:
N = Ng + Ny + Ny + Ng (D.7.9)
Solving (D.7.9) for N, yields:
Naﬂ = Nﬁ - NS] - NSZ - Ns3 i (D.7-10)

Replacing N, in (D.7.8) with (D.7.10) and solving for N, yields:

Ne = K X [ N 4 Ny X (ga) + N X (1-Ga) + Ng X (1-gg) |

(D.7.11)

wher e:

Formula (D.7.11) can be further sinplified by noting that

Ja + fnl =1, 9n + f,z -1, gg + fs3 =1, (D.7.12)
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whi ch yiel ds:

fsl=gal' 1, f.2=g52- 1, fs = g5 = 1. (D.7.13)

Using the results of (D.7.13) in (D.7.11) yields fornula (D.7.1):

Ny = K X [Nu f Ny x £, s Npxf, + Ny x £y ].
(D.7.14)

Notice that if no patrol work is done by field supervisors (i.e.,

if f =0) and no special assignnent personnel are used (i.e., if N

N, = 0), then N, = N,)).
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APPENDI X D.8: Determnation of the Shift Relief Factor (sRF) for
the Calculation of the Total Number of Oficers (N,)
and Field Supervisors (N) Required Wthin the APA

(Section 8.2)

| nt roduction

The shift relief factor for a |aw enforcenment agency is used to
determ ne the total nunber of officers that nust be avail abl e
(i.e., both on- and off-dut¥) in order to support a specified
average nunber of on-duty officers each day. The shift relief
factor is defined as "the average nunber of persons required to
cover one shift position every day."

For agencies with 8-hour shifts, shift relief factors typically
fall In the range of 1.60 to 1.90. A shift relief factor of 1.70
for an agency using 8-hour shifts would indicate that the total
staff for regular duty should be approximately 1.7 tines the
average nunmber of on-duty positions that the agency plans to use
per day. As an exanple, in order to cover 10 positions a day, this
agency would have to have a total of 10 x 1.7 = 17 officers
avai | abl e. (Wth 8-hour shifts and one officer per unit, three
posiSions are needed every day to support one 24-hour coverage
unit.

Shift relief factors increase as the shift |ength increases.

Agencies using lo-hour shift will have shift relief factors in the
range: 2.00 to 2.40. Relief factors for agencies with 12-hour
shifts are in the range: 2.40 to 2.90.

Derivgtion of the Shift Relief Factor for Patrol Duty

The shift relief factor is determned by the shift length, the
average work week, the average amount of benefit time off given to
each officer, and the anount of tine officers spend on tenporary
speci al assignments. Cal culation of the relief factor for an
agency is usually based on data collected for one year and used in
the follow ng formula:
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365 X S
SRF = (D.8.1)
Average Nunber of On-Duty Hours
on Patrol Per Oficer Per Year

wher e:

S8RF - shift relief factor (nunber of officers), and

s - shift length (hours).

The expression 365 x S, in (D.8.1) indicates the nunmber of hours
required to cover one position every day for an entire year. The
denomi nator in (pD.8.1) is the average nunber of on-duty hours
provi ded by each officer in one year.

Determnation of the Average Nunher of n-Duty Hours on Patraol Per
Year Per Officer

One difficulty with the use of formula (D.8.1) is that few agencies
actually keep track of hours worked. Rather, nost personnel
tine-recording systenms are designed to keep track of the amount of
time off for each officer (e.g., for vacation, holiday, personal
| eave, etc.). Recogni zing that fact, it is often easier to

determne the shift relief factor for an agency if formula (D.8.1)
is rewitten as:

365 X S,
SRF = (D.8.2)
Aver age Number of
(365 x S§) - Non- Patrol Hours
Per Year Per O ficer

In this form the average nunber of on-duty hours per year per
officer is calculated as:

Average Nunber of
(365 x S§) - Non- Patrol Hours (D.8.3)
Per Year Per Oficer.
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The first termin (D.8.3) indicates the total nunber of hours that
one officer would be on-duty if he/she worked every day of the
ear, The second term represents the average nunber of non-patrol
ours per year per officer. Subtracting in (D.8.3) gives the
average nunber of on-duty hours on patrol per year per officer
The useful ness of fornula (pD.8.2) is that it requires information
(i.e., average non-patrol time per officer per year) that is
mai ntai ned by nost agenci es.

The average nunber of non-patrol hours per year per officer can be
grouped into three categories:

. Re?ularly-scheduled time off. Unpaid tinme off each
officer receives based on the average work week used
by the agency. As an exanple, a 40-hour work week

provi de each officer with an average of two days off
per week.

e Benefit tine Off. Paid time including vacation | eave,
holi day |eave, personal tine, and conpensatory time. The
different kinds of benefit tinme off given varies from
agﬁqu to agency and from one part of the country to
anot her.

e Tenporary special assignnents. On-duty time spent on
non-patrol activities. For exanple, an officer sent to a
one-week training course in another state is obviously not
avai l able for patrol duty, but is considered "on duty"
while at the training. \Wether non-patrol, on-duty tine
should be included in the determnation of the relief
factor is not rigidly defined. An analyst trying to
justify as many officers as possible will likely not count
non-patrol, on-duty tine as on-duty patrol time in order to
derive a higher relief factor. Another analyst, seeking to
hol d down staffing estimates, nay decide to count all
on-duty time whether spent on patrol or not to derive a
| ower value for the relief factor.

Fornmul a (D.8.3) can be expressed as:

(365 x S) - H, - H - H, (D.8.4)
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wher e

H, - nunber of regularly-schedul ed hours off per
of ficer per year

H, - nunber of benefit hours off per officer per
year, and

H, - nunmber of on-duty hours spent on tenporary
speci al assi gnments (non-patrol) per officer
per year.

Note that the expression (365 x S;) - H, equals the annual nunber
of paid hours. The annual nunmber of paid hours (Hy) is also given
by:

365 x AWW
Hy = (D.8.5)

where aww represents the average work week in hours. Note that if
AWW = 40, H,, is 2,085.7 hours per year. (The commonly used figure
of 2,080 paid hours per year is based on exactly 52 weeks.

Fifty-two weeks, however, only has 364 days, one day less than the
actual year.)

Replacing (365 x S) - H, in (D.8.4) wWwth (D.8.5) yields:

365 X AWW

- H - H (D.8.6)
7

Using (D.8.6) as the denom nator in (D.8.1) yields:

365 X S,
SRF = (D.8.7)
365 X AWW
- H - H

7
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APPENDI X D.9: Al location of Patrol Personnel Among
Several APAs (Wrksheet 9

| nt r oducti on

Wor ksheet 9 provides two nmethods for allocating a given nunber of
staff anong several APAs. Both methods rely on staffing estimtes
for each APA provided by the PAM nodel in worksheets 1 - 8. The
first nmethod, identified as @wnconstrained allocation, @i ndi cates
the ideal staffing if no limtations are inposed on hOMlﬁanY
of ficers can be added or subtracted fromthe current staffing | eve
inany APA (i.e., if there are no limtations on transfers between
APAs). The second nethod, identified as @®onstrained allocation, @G®
can be used to deternmine the staffing allocation when a fixed
nunber of additional officers are to be added and no transfers of
existing personnel are allowed. In this case, the no transfer
constraint has the effect of insuring that no apa will | ose
staffing because of the allocation. The constrai ned allocation
procedure can also be used to deternmine which aApAs will |ose
personnel when staff reductions are required. In this case, the no
transfer rule insures that no APA will gain personnel as a result
of the overall staff reductions. Al'l of the calculations for
Wor ksheet 9 are sunmarized in Table 4-1.

The derivations bel ow make use of the follow ng notation:

T = total nunber of staff in all of the apas after the
real l ocation

TA - total nunber of new staff (or total staff to be
del et ed)
+TA; = total number of staff added to ApA i (or staff de-

leted fromAPA i)
TC - current total nunber of staff anong all of the APAs

TC, - current nunber of staff in APA |

TE - total nunber of staff estimted by the PAM node
for all of the APAs
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TE| - total nunber of staff estimated by the PAM node

for APA i
Tj = total nunmber of staff in ApA i after the realloca-
tion

The total staff to be allocated is given by:

T

TC + TA ‘ (D.9.1)

Unconstrai ned Allocation

The rationale for the unconstrained allocation is that the total
staff (T) should be distributed anong the aAPAs in the sane

proportion as the PAM estinates; i.e.
T, TE
= , all APAs (D.9.2)
T TE

Solving for T and replacing T with (D.9.1) yields the formula for
t he nunber of staff that should be assigned to each APA:

TA + TC
TE

Constrai ned Allocation

The total staff to be allocated is given by (D.9.1) above. The
difference (q) for each APA between the nunber of staff provided
by the unconstrained allocation for the APA (i.e, T, given in

(D.9.3)) and the nunber of staff estimated for the APA by the PAM
nodel (TE;)is gi ven by:

di Ti - TE| (D09.4)
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Expression (D.9.4) indicates whether an APA is under or over-
staffed; i.e.,

if 4 > o0, the ApA is overstaffed,

if & < o, the APA is understaffed.

The @, values are used to identify which APAs should gain staff (if
TA > 0) and which APAs should | ose staff (if TA < 0).

Additional staff (Ta > 0). |If staff is to be added to the
APAs, the no transfer rule can be satisfied by distributing the new
staff only anong those APAs that are understaffed (i.e., APAs with
di < 0). Let U represent the collection of APAs that are under-
staffed and determne the total deficit staffing (TN) for these
APAs by summing the asin u;i.e.

TN = d + @ + d + ... + 4 (D.9.5)

-- only use APAs for which g, < 0 --

Al l ocation of the Ta staff anong the ApPas in U is given by (D.9.6)
bel ow where TA; represents the’ number of staff added to APA i:

TA
TA, = 4 x (D.9.6)
TN
The final allocation anong all of the APAs is given by:
TC, if @20
T, = (D.9.7)

TG, + TA, if 4 <0
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Staff reduction (TA < 0). For staff reductions, the con-
strained allocation procedure uses the 4, values to identify those
APAs that are overstaffed and, as a result, are eligible for staff
reducti ons. Let O represent the collection of ApPas that are
overstaffed and determne the total surplus staffing (TN) for these
APAs by summing the 4sin o; i.e.,

IN = dy 4 do 4 4 + . . . + 4, (D.9.8)

-- only use APAs for which g, > 0 --

Al l ocation of the Ta staff anong the APAs in O is given by (D.9.9)
bel ow where Ta; represents the nunber of staff to be taken from ApA
1:

TA
TA, = 4 x — (D.9.9)
TN

Each Ta;, value for staff reductions will be a negative nunber. The
final allocation anong all of the APAs is given by:

TC, if 4 <0
T, = (D.9.10)
TC, + TA, if & >0

D - 45












